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fl W FOR DC OR RESISTANCE INPUT 


Movet 200-A uses an input of 10,000 
ohm resistance potentiometers as an in 
put transducer providing 10 to 1 scale 
expansion and origin positioning Avail 
able standard digital input accessories 
are essentially inputs of this type. Any 
resistance potentiometer will provide an 
analog input for this configuration 

Mover 200-B, used for D.C 


has full seale sensitivities of 5 milli 


signal input 


volts and an input impedance of 1,000 
megohms, Utilizing standard reference 
cells, this model provides drift-free 
Available external reference 
substituted. A plug con 
nection is provided to facilitate the quick 


operation 


voltages may be 


interchangeability of input sections 


fl W FOR SIMPLIFIED OPERATION 


Precision Vernier Dials provide an accu 
adjust 
ment during operation, Optional point 


rate method for itedaion fire 


plot or continuous line plotting is a 
feature of both models. Selection is by 
front panel manual control. A new, sim 
plified pen of one-piece ce ign used for 
point or continuous plotting eliminates 
bottles and tubes, permits rapid chang 
ing of ink colors. Independent action of 
the X and Y axis is achieved with Libra 
scope § unique Floating Gear Train 


No ( able s 


lost motion, cable 


tapes or lead screws to cause 
stretching or drift- 
ing out of alignment, The 120° concave 
cylindrical plotting surface provides full 


visibility is compl tely illuminated 


fl WW FOR WIDER APPLICATION 


These fast, de pe ndabl 
plotters feature O.1% ac 
ed for wide application 
graphic presentation of d 
laboratory te 
data handling systems, w 


ile tracking and q rality 


ti h as 


of transistors and other el 
nents. Input selection 

Card and Tape Con 
Keyboards and Binary ¢ 


200-A can plot from Flex 


iny code or directly from 
cable of many digital « 
cha is can be 


hared X versus Y plot 
cial circuitry. Write tod 


LIBRASCOPE X-Y PLOTTER 


onverter 


supplic 1 to 


eneral purpose 


ura are ult 


where rapid 
i required 


ing, computers 


ind tunnel, mis- 


ontrol te ting 
tromic Compo 


lucle Punched 


erte! Decimal 


Model 
writer tape in 
the Tape Punch 
ynputers, Sub- 
handle time- 
or other spe- 
i for details 


HIGHEST ACCURACY FOR GRAPHIC DATA HANDLING 


Greater input flexibility 


NEW LIGRASCOPE PUNCHED TAPE CONVERTER 


Operates from a punched tape reader — Spec 
jaily designed for Librascope X-Y Plotters— 
This unit is adaptable to other plotters 


LIBRASCOPE IN 


CORPOR 


D* BOB WESTERN AV 





For desk or rack mounting 


LIBRASCOPE PUNCHED CARD CONVERTER 


Converts punched card data 
for input to X-Y Plotters 
for feeding 50 punched ca 


to analog form 


Automatic Position 


rds per minute 





PHYSICAL ISOLATION OF INPUT AND OUTPUT Circuits of the Sola 


Constant Voltage Transformer is indicated in the core-and-coil 


assembly shown above. At pencil-point is one of two magnetic shunts 
which separate the input from the output sections of the windings 


YOU GET VOLTAGE REGULATION AND MORE FROM A SOLA: 


isolation of Input and Output Circuits 
in Sola Constant Voltage Transformers 
Generally Eliminates Need for Static Shields 


A fixed level of input voltage to today’s complex 
electrical and electronic equipment is virtually essential 


for adequate performance. The Sola Constant Voltage 


Transformer, a static-magnetic stabilizer, combines auto 
matic, instantaneous voltage regulation with other desir 
able electrical functions. 


One of these functions is both electrical and physical 
isolation of the input circuit from the output circuit 
In general, this isolation is sufficiently effective to elimi 


SOLA firercnmiae 


CONSTANT VOLTAGE Be a peep a © FLUORESCENT LIGHTING 
w 


SOLA ELECTRIC CO., 46 est 16th Street, 


nate the need for additional line filtering. Static shields, 
often required with regulators having a common con 
nection between input and output circuits, are rarely 


necessary. 


Sola Constant Voltage Transformers are available in 
stock models, or in custom designs to meet the exact 
requirements of many load devices or service condition 
Your Sola representative will be happy to provide you 
with information on your particular application 


Write for Bulletin 26H-CV170D 


SOLA ELECTRIC CO 
4633 W. \6th Street 
Chicago 50, Illinois 
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EXCLUSIVE 
ADVANTAGES... 


Servomechanisms’ Mechanical Development 
Apparatus—an assortment of precision-built, 
mechanical components such as mounting blocks, 
shafts, gears, cams and couplings — offers exclu- 
sive advantages not found in similar equipment. 
MDA is ideally suited for use in prototype and 
small quantity production equipment where 
valuable design and procurement time can be 
saved by using Servomechanisms’ off-the-shelf 
equipment. 

And, in the lab, MDA is widely used to simu- 
late instrument and control systems in the bread- 
board phase. At the completion of a breadboard 
evaluation, this equipment can quickly be disas- 
sembled and reused in other laboratory projects. 

The immediate delivery of these versatile pre- 
cision-built components, plus the exclusive advan- 
tages listed, combine to make this equipment 
extremely economical, practical and easy to use. 


INC. 
PACKAGED FUNCTIONAL COMPONENTS 


For complete information write for catalog to: 
COMPONENTS DIVISION 
625 Main Street, Westbury, L.1., New York 
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EXCLUSIVE 


ADVANTAGES OFFERED BY 
SERVOMECHANISMS 


Foundation Boards, with 
drilled holes, can be 
combined in vertical and 
horizontal planes and 
because the boards are 
cut from roiled stock, 
stress-relieved and 
ground flat, they will 
not warp. 





2 


Mounting Blocks can be 
rotated and moved in 
any part of 360°. Captive 
nuts are free to travel 
the length of the base 
siot. This permits the 
blocks to be adjusted in 
a lateral direction 
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No worn thread trouble. 
Steel captive nuts in 
mounting biocks are in- 
herently reliable, and 
can be replaced if dam- 
aged. 
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Gears are attached to 
shafts with tapered col 
lets which fit securely 
into integral tapered 
hubs. Guaranteed true 
balance and concen- 
tricity. 





Qy he MECHAKIT 


all carefully chosen assort- 
ment of Mechanical Devei- 
opment Apparatus in a 
convenient, durable plastic 
case. 
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SERVOMECHANISMS 
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drilled holes, can be 
combined in vertical and 
horizontal planes and 
because the boards are 
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Mounting Blocks can be 
rotated and moved in 
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nuts are free to travel 
the length of the base 
slot. This permits the 
blocks to be adjusted in 
a lateral direction 
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No worn thread trouble. 
Steel captive nuts in 
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herently reliable, and 
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aged. 





valuable design and procurement time can be 
saved by using Servomechanisms’ off-the-shelf 
equipment. 

And, in the lab, MDA is widely used to simu- 
late instrument and control systems in the bread- 


Gears are attached to 
shafts with tapered col 
lets which fit securely 
into integral tapered 
hubs. Guaranteed true 
balance and concen- 


tricity. 
board phase. At the completion of a breadboard ei 


evaluation, this equipment can quickly be disas- 
sembled and reused in other laboratory projects. 

The immediate delivery of these versatile pre- 
cision-built components, plus the exclusive advan- 
tages listed, combine to make this equipment 
extremely economical, practical and easy to use. 
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a carefully chosen assort- 
ment of Mechanical Devel- 
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worlds largest 
turbine-powered 
transport helicopter 


designed 
and built by 


————— a -< 
LCAACC MA 


we ISCS 


Statham 
Accelerometers 
to gather 
invaluable 
test data 
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| SHOPTALK 


EDITORS PACE BUSY FIELD 


Pacing the inordinate activity in the field (page 21 
two CtE editors recently took off for far-away places and 
two others signed on at home. Ray Auger traipsed off to 
Kurope to sail back a small boat. Gene Grabbe left for 
Paris where he addressed the International Congress of 
Automation on June 20. Frank McPartland came in 
fresh from engineering jobs at Diesel Economy Devices 
and American Machine & Foundry—to handle our New 
Products section and birddog future news stories in the 
field. And, finally, who should turn up on June 11 but 
Jolly Roger Wollstadt, our “editorial factotum’” of last 
summer (see Shoptalk, October 55). Roger will help 
Warren Kayes, our back-of-the-book Chief, in his arduous 
job of verbally styling each issue 


NEWS THAT’S FIT TO PRINT 


The New York Times, which prints “All the News ‘Uhat’s 
lit to Print”, found our July feature news story and Indus 
try’s Pulse fittin’ for a column in the Business section of its 
June 18 edition. We are, of course, delighted and flattered 


YOU ASKED FOR IT—HERE ‘TIS 


Dynamic characteristics of available industrial control 
products are like the vital statistics of Marilyn Monroe in 
that they are much sought after, but are unlike Marilyn's 
statistics in that once you have the characteristics, you 
can do something with them. Below, and on our cover this 
month, you see du Pont’s Bob Bigliano (left) and aide Ed 
Scofield running off dynamic tests on a stacked controller 
\ similar picture of the two appeared in our report on 
du Pont’s control engineering (CtE, Sept. 55, p. 65). ‘The 
fact that this company had a well-defined and fundamental 
method for determining the wanted characteristics whetted 
reader appetites. ““Why 
not,” one wrote, “run a 
complete story on how to 
do it?” Here ‘tis (see page 
72), after months of plan- 
ning and working with 
author Bigliano. And in the 
fall we plan to publish act 
ual test data involving com 
mercially available prod- 
ucts. 
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FROM THE ENGINEERING STAFF AT NJE 
TO: COMPUTER DESIGNERS 


suBsect: THE SYMPATHETIC EAR 


Ali 
y <A 





if you are building o" electronic 
computer—digital or analogue 
it will pay you to talk to NJE 
about the power supplies. 


why? Four good reasons’ 


1. NJE nas puilt computer power supplies 
for almost every major computer facility 
during the past two years. 


rs modern techniques not 
available e1sewhere—ZERO-LAG, ELG 
SEMI-REGULATED » rransistor-forced Mag-amp, 
high-speed ET Thyratron, etc. 


NJE knows computers: we offer the 

services of engineers with computer 

design experience. They know all about 
marginal checking, turn-on sequencing, 
long-term S yoltage-failure alarms, 
fail-safe design, ocedures, 
heater-cycliné» interaction prevention, 
reliability prediction, and all the rest 

of modern computer practice. 


NJE offers the aavantages of the world's 
largest custom power supply volume and 
the industry's largest, most aiversified 
engineering staff—Lower . guicker 
delivery: consistently nigh quality: 
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...- about Remote 
Heat Control 


In many industrial processes, heat 
control by direct contact is neither 
088ible nor economically feasible 
Vet. temperature measurement or 
control is still an important factor 

We believe we have the solution 
to this heat control problem in our 
standard infrared radiation pyrom 
eter systems for these systems 
measure and control temperature 
remotely. 

Our Servotherm® Pyrometer Sys 
tems are 
Fast response time is just .025 or .250 

secomis even at the lowest level of sen 

sitivity 
Sensitive—temperature wall 
as 0.10 fF or are detected 
Accurate — temperature is maintained 

within the limits of y 

They provide the opportunity for 
continuous recording. They are flex 
ible. You can install them perma 
nently at a key site or move them 
from spot to spot. They can be 
placed as close as two feet from the 
objects to be measured or as far 
away as you require 

Servotherm systems are supplying 
the answers to remote heat control 
problems in the production of films, 
plastics, and textiles; in engine de- 
sign; and in the petroleum industry 
One of our systems may provide the 
answer to your problem 

For the full story on Servotherm 
Pyrometer Systems, write directly to 
me: S. N. Howell, Dept. HP 5, Servo 
Corporation of America, 20-20 Jeri- 


cho Tpke., New Hyde Park, L.I., N.Y. 


So 


Chief Engineer, infrared Div 


Variations as 
maller 


Electro- 
mechanical 
Control Systems 
and Components 
for Industry by 


Model IR-2 


Gm 


SEE SERVO CORP. 


> at the WESCON Show 
Los Angeles * Aug. 21-24 : 


ote) ice). 7 Vale), | 
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BOOTHS 962-963 
Pe at the |.5.A. Show 
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FEEDBACK 


lo tue Eprror 

| have noted your articles on Spring 
Powered Position Servo in the Janu 
iry and March °56 issues of Conrrot 
}.NGINEERING 

We have 
would like 


or military requirements extant 


interests in these areas and 


to know of any commercial! 


| could not determine from yout 


article whether the device you cd 
igned were for an actual use or were 
the r mnasty 


Schimpt 


ult of some mental gr 
Richard G 
Elgin, Illinoi 


The servo was, commercially, a stab 
in the dark. The basic idea (spring 
power for light weight and fast re- 
sponse) seemed good, and the article 


was accepted on the basis of design 
interest. A model of the torque am- 
plifier (described in the January "56 
issue) was built; it worked. In its 
original version it had a specific pur- 
pose: to power the counter of a sensi- 
tive altimeter. The Air Force has been 
trying to get a counter altimeter for 
some time. 

It shouldn’t be too difficult to cal 
culate exact performance figures for 
the spring device and thus to deter 
mine in what areas it is superior to 
other types of self-contained position 
servos. Without a specific type of size 
to work on, however, it’s impossible 
to give exact figures 
maximum angular motion required be- 
tween windings, velocity and torque 


Such factors as 





THE PROBLEM FORUM 


This month we repeat the problem posed in June and pub- 


lish one answer, plus our commentary. Next month we will 


publish another solution selected from the many submitted. 


PROBLEM 


Neepen: a 5,000-point temperature 
ilarm system that monitors in 50 
groups of 100 each Al] 
group have the 
ture of 


within am 
same pre-set tempera 
between 85 and 105 deg ¢ 

The specified accuracy is within plu 
deg C. Required: onh 
low-temperature alarm; automatic shut 
Once per hour 
itistactor 


surface tem 


or minus 
down is unnecessary 
per position scanning 1s 
APPLICATION: monitor 
5.000 bra 
tube heat exchanger + in 
Distance 
measuring point 
avcrage ft As the 
often « 
vapors, the energs 
of ac circuits is 200 ergs per evel 

Adiustment of 
for each group of 100 


perature of concentri 
long and 
1 in. in) diam between 
control panel and 
max, 500 ft 
measuring area } ntaminated 
with explosive limit 
alarm temnecratut 
from a 
feature 


sctting 


poime 
ntral location is a desirabl 
cost 


point is ace 


but to minimize manual 
of each ptabl 
Ihe savings will be from: 1) reduced 


make all 


vrometer 


as operators now 
portabl 

isolation of faulty product befor 
it leaves the department for sub 
quent manufacturing 

Allowable total installed cost: $10 
to $15 per point; $30 per point deh 
that 


labor costs 


readines with 


nitely prohibitive—and just 


the problem 


AND ONE SOLUTION 


lo THI iprror 

1 am convinced that th 

to this problem thai 

eve On the basis of m 

tion of the information given, I be 
that the plant engines hould 

be able to do this job for ) VOU 

plu labor ind 


MOT 


hic ve 


cngin 
even lc 
My parts list 
mately as follow 
Cross-bar switche North 
lhermistor Gencral FE] 
Relays—Barber-Colman 
Diodes, germanium 
Mis precision resist 
Batterie Saft 
( lip Muelle: ili 
Controls for switching—N 
tric parts and my spe 
Zenner National 
ing 
I'he thermistors would 


in a protected manne! 


would be 


rth Ele 
il de 


diode 


whi h would bi 
to be monitored The 
tube would be th 

the thermistor and cli 


the temperature of the 


lipp a 


probabh be nece I 

over the clip to redu 
Vhe cross-bar switcl 

the wires to the the: 


1 time and its 10th 





requirements, weight and size, must 
be established before a competitive 
evaluation can be calculated. Ed. 


Suggested: a new industry breakdown 


Ihe editorial in our July °56 issue 
explained the difficulty in getting from 
the Spring 1956 Census of Manufac- 
tures a realistic picture of the com- 
mercial life of our fields in 1954. We 
pointed out that Nathan Golden's 
division in the Dept. of Commerce is 
aware of the difficulty. His deputy, 
Cortlandt Van Rensselaer, furnished 
(WOC) by the Scientific Apparatus 
Makers Association, has suggested a 
new breakdown. Van _ Rensselaer 
evolved his new classification while 
trying to arrive at a functional classi- 
fication of general-purpose electronic 
test instruments. Here is his fun 
tional classification for scientific, in 
dustrial, and technical instruments and 
equipment. Look it over. See if it 


Continued on page 





PROBLEM FORUM 


used for clecting the reference 
any one of the nin point clect 
was materially different than the ref 
ence, the Barber-Colman relay would 
be energized (this takes as litth 
100 microwatt 
nal the deviation 
Saft batter 
cause they are hermetically scaled 


Lhe Zenner diodes 


pro ick 


mavbe less) to sig 


would h< used 


would be used to 
idded protection against a 
high voltage ippearing on a signal 


If the bra 


itistactor 


line and causing a spark 
tube is not a ground 
then a two-wire system could be us« 
with only the added cost of mor 
wire 
John M. Graham 
Bellwood, II] 


Our COMMENTS 


1. The problem says installed cost 
up to $75,000. 
$25,000 for engineering and installa- 
tion. Realistic? 

2. It will be necessary to preselect 
thermistors, hence premium price. Or 
they will have to be adjusted at in 
stallation, with another increase in 
cost. 


Graham allows only 


3. Graham’s plan does not providk 
for automatic location of the particu 
lar exchanger in the 5,000 that is off 
temperature. But this is not a serious 
objection, since his method does nar 
row the search to a group of ten 
From that point, it would not be too 
difficult to single out the particular 
exchanger. Ed. 


INJew BULLETIN SHOWS HOW TO 
METER, INTEGRATE AND CONTROL 
WITH THE ASKANIA TRANSOMETER 


Describes Flow, Indication, Recording and Control 
Applications For Fuel Oil, Viscous and Other Liquids 


A new illustrated booklet is now 
available to men interested in technical 
information on the Askania Transometer 
which 

]. is an unusually accurate flow meter 
2. integrates the flow of viscous li- 
guids and other liquids (including 
fuel oil) 
develops a pneumatic signal for re- 
cording and control purposes 
Bulletin #301 includes a listing showing 
typical liquids that can be measured by 
the Askania Transometer. It illustrates 
how the liquids are metered and in- 
tegrated 
how the signals for the recording and 
control are developed 


® APPLICATION DRAWINGS 


Of particular interest are the 
operational diagrams and descriptive in- 
formation showing 
flow, proportioning and combustion 
controls 
totalization of multiple fuels 
interchangeable control for fuel switch 
over hook-ups 

These show at a glance just how 
the liquid is metered, the air signal is 
dispatched to the Jet-Pipe Regulator 


the regulator actuates the hydraulic 
cylinder for the control valve 
Ranges and specifications by 
connecting pipe sizes, flow range, oper 
ating pressure and maximum operating 
temperature limit are provided 


@ DESIGN FEATURES 


An additional feature of the new 
bulletin is the added information and 
specifications on Askania’s simple, eco- 
nomical constant flow valve which can 
be used to economically maintain a con- 
stant flow 

For your copy of the Askania 
Transometer Bulletin—fill in the 
enclosed coupon and mail, or write to 
Askania Regulator Company, 266 I 
Ontario, Chicago, Illinois 


roc-c-o- 


Yes, send me a copy of bulletin #01 


NAME 
Tire 


COMPANY 


Appaess 
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ASKANIA aecuraror company 


“CONTROLS FOR INDUSTRY”’ 
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FEEDBACK 


You Can't Beat 
fits the instruments you use. Con- 
a Bryant | structive criticism will convince the 


Dept. of Commerce that there is a 
need and will help in the development 


of proper classifications. Ed. 
Drum | 


100. Instruments Used Primarily for 
‘Test and Measurement 
110. Electrical Quantity and Chara 
teristic Measuring and Testing 
Instruments 
Electronic Property ‘Testing and 
Measuring Instrument 
Mechanical Force, Motion and 
Rotation Measuring Instrument 
Nuclear Radiation Measuring 
and Testing Instrument 
Physical Property Measuring 
esting, and Inspecting Instru 
ments 
Chemical Property Measuring 
ind ‘Testing Instrument 
Instruments Used Primarily for 
Fest and Measurement Not 
Elsewhere Classified 
Bryant magnetic Drums ; Instruments and Equipment 
Used Primarily for Process Re- 
for semi-permanent storage of data in cording and Controlling 
digital computers or for use as delay lines Electrical Quantity Recording 
ind Controlling Instrument 
Temperature, Humidity, ind 
Moisture Recording and Con 
Designed to purchaser's requirements trolling Instrument 
30. Pressure Recording and Control 
ling Instruments 
Air bearings or super-precision ball bearings Ilow and Liquid Level Record 


Guaranteed accuracy of drum runout .00010" T.I.R. or less 


ing and Controlling Instruments 
Beit drive or integral motor drive, speeds to 100,000 RPM ' ‘ . 
Gas Analysis and Chemical Prop 
Capacities to 5,000,000 bits erty Recording and Controlling 


Instruments 


Mechanical Motion, Dimension 
Head mounting surfaces to suit ind Rotation Re 


Vertical or horizontal housing 


cording ind 


Controlling Instrument 

Timing, Cycle, and Count Re 
cording and Controlling Instru 
ments 

High Speed Motors, Spindies and Drums| *° —— or Regu 
Instruments and Equipment 
Used Primarily for Process Re 
components for precision operation up to 200,000 —- Thon al Not 
“isewnere sLASSTTICE 

RPM, to your requirements. If you have a problem in . Optical Instruments and Equip- 


; ment (other than Ophthalmic 
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Baldwin 
SR-4° system 


controls mixing 


to .1% repeatability 


In a west coast processing plant, liquid sugar is 
mixed automatically by a Baldwin SR-4 system 
whose accuracy is within .1 °% repeatability. 

Here’s how it works. A 2,500-gallon mixing 
tank and 10,000-gallon storage tank stand ver- 
tically on triangular frames whose corners rest 
on Baldwin SR-4 load cells (photo at right). 
These strain gage type cells measure tank weight 
changes and transmit electrical signals to a 
Baldwin indicator-controller (photo above) 
which shows total weight of tank contents in 
pounds. 





To start the process, dry sugar and water 
valves are opened manually; from there on 
mixing is automatic. When the load cells signal 
that predetermined proportions have been 
reached, sugar and water flow are shut off by 
the indicator-controller. 

Baldwin SR-4 systems can be developed for 
any application involving load, pressure, ten- 
sion, torque or thrust. Custom-built systems 
range from simple weighing and measuring 
devices to complete feedback control. “*Pack- 
aged”’ systems and component transducers are 
also available. For illustrated bulletins, write 
us at Dept. 2952, Electronics & Instrumenta- 
tion Division, Waltham, Massachusetts. 


ELECTRONICS & INSTRUMENTATION DIVISION 
BALDWIN -LIMA-HAMILTON 


DIVISIONS: Austin-Western * Eddystone * Hamilton * Lima + 
Loewy-Hydropress « Madsen « Pelton * Standard Steel Works 
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CRUCIBLE PERMA ENT MAGNETS 
give maximum energy... Minimum size 


Special applications, such as radar load isolators, demand compact but powerful 
magnet assemblies. And this is but one of the many places where the consistent! 
energy product provided in Crucible Alnico magnets pays off 

These Crucible Alnico permanent magnets can be sand cast, shell molded 
investment cast to exact size, shape or tolerance requireme nts 
from a mere fraction of an ounce to hundreds of pounds 
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The design and production of permanent magnets has been a Crucible specialty ever 
since Alnico alloys were discovered. It’s one of the good reasons why so many 
people bring their magnet applications to Crucible. Why don’t you? Crucible Steel 
Company of America, The Oliver Building, Mellon Square, Pittsburgh 22, Pa 
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SBT *2N240 
HIGH SPEED SWITCHING TRANSISTOR 


with response time in 
millimicrosecond range 


PNP Germanium 
Surface Barrier 
Type 


"Trade mark of 
Philco Corporation 


FEATURES 


Low saturation resistance 
Low saturation voltage 


Ideal electrical characteristics for direct 
coupled circuitry 


Extremely fast rise and fall time 
Absolute hermetic seal 


Available now in production quantities 


Proven performance of the Philco Surface Barrier Tran. 


sistor has made it the ba for ign of both military 


and commercial computer peed and reliability 


are the major considerations. And now this transistor 
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goes even farther by 5 le performance in 


20 megacycle switching 


Make Philco your { urce of information 
for high peed comput fransistor appl. ation 


Write to Dept. CE, Lansdale Tube Company Division, Lansdale, Pa. 
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Now, Isotope Products offers unlimited versatility in radiation 
gauging with the Betameter. The new dual-purpose measuring head 
can accomplish either: (1) point measurement for detailed profile 
scanning, or (2) using a 12” distributed source, average strip meas- 
urement for automatic control. Thus, local point variations are 
minimized to give true average conditions. The point source measur- 
ing a width of 142”can be used in either a fixed position or on a 
traversing setup to scan across the measured material. 


The dual-purpose unit embodies a continuous strip source and is 
easily adapted to both transmission or reflection type gauging. The 
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All Isotope Products equipment is built to the same high standards 
to insure maximum durability and service with minimum mainte- 
nance. The Betameter incorporates the principle of Null Balance to 
achieve simplified electronic and installation requirements as well 
as to guarantee continued accuracy and sensitivity. 
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W rite today for information on 
how liotope Products equip 
ment can assist you in your 
measurement and control 
problems 


Shown is an installation with 
a 14” strip source and a 12 
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Philadelphia, Chicago, Buffalo 
Toronto and Montreal 
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Fatter engineering paychecks? 


stable, high-paying careers in the development 
: lo tHe Eprror 
of advanced digital computer systems As an engineer, I have both a selfish 

and an altruistic interest in Mr. Me 
Graw’s new editorial 
manpower shortage. It 
esting to observe how 
deal with Jay Forreste: 
(To be explicit, ContTROL ENGINEER 
ING reports Mr. Forrester as saying, in 
effect, that if there were really a short- 
age of engineers, it would b 
in their salaric We know 
that there is a shortag ind 
rester’s remark is appa 
directed at the obviou igged 
ket. Any job-hunter is aware that 
that glitters in The New York ‘Time 
want ads is not gold 

In any event, there i 
ducational task befor 
ucational system is soft to the r¢ 
Anti-intellectualism i tronger than 
and electronic systems, you will have full opportunity to make research contributions it anv time in the centurv. Nobod: 


at the most advanced level. You will enjoy the broad working freedom of a small, select wants their child to be ai 


Here, in one of the nation’s leading companies in the development of digital computers 
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tician. ‘The 
| When 
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research group and stimulating association with other highly qualified computer special- 
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ists. You will also enjoy the security afforded by a parent company of international thev see that 
stature. Because most activity is in development of equipment for worldwide commercial have the salar P , le + msibilities, and 
: prestige now afforded notion salesmen 
markets, stability is assured. The program is a continuing one. Ultra-modern, air- bricklayers, and junior exccuti' aon 
conditioned plant in a pleasant Los Angeles suburb. Full schedule of benefits. will they educate their children to 
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SENIOR ELECTRONIC ENGINEER, SENIOR ELECTRONIC ENGINEER, hould 1 lirected at a 
woul we directce 1 mau i 
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lyze new techniques and components for 
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Wavland, Ma 


Mr. Lange argues that the engi- 


Additional inquiries invited from scientists & engineers interested in the following fields neer’s happiness and well-being depend 
related to digital computer research: applications of ferrites, magnetic devices & materials, cn his income. Certainly it is worth 
research in logic, solid state physics, magnetic recording, cathode ray tube devices, P . ’ 
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If you work with small instrument type bearings 
you uf find this new, authoritative publication an 
extremely valuable and handy source of engineering 
data arranged in convenient form for practical 
reference. 


LOOK AT THESE FEATURES... 


@ A helpful survey article: “‘ractors To CONSIDER 1N 
SELECTING SMALL INSTRUMENT BALL BEARINGS. 


RELI To ree 


@ Acomplete, practical presentation of bearing facts: 


Types of bearings Dynamic and static loads 
Materials Lubrication 
Components Radial and Axial play 


—" Moruting rac ex. ff” WRITE TODAY... GET YOUR NAME ON OUR 
PRIME DISTRIBUTION LIST FOR MAILING 


AAA EERE ESET 


@ Large, clear illustrations. 

@ Big, easy to follow charts. 

@ Convenient nomographs and conversion charts. 

@ Simple bearing designations make ordering easy. 


NEW HAMPSHIRE BALL BEARINGS, INC., Peferborough, New Hampshir 
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NOW...A GREAT, NEW ADVANCE IN 
MEASUREMENT AND CONTROL 
OF RELATIVE HUMIDITY 


SIMPLE ¢ FAST « ACCURATE « DEPENDABLE 


HUMIDITY SENSING ELEMENT 


An entirely new principle . . 


completely stable over 


long 


periods ... mass produced at 


low cost. 


Composed of a specially treated plastic ma- 
terial, the El-Tronies Humidity Sensing Element (pat- 
ented) is only 54” wide, 114” long, and !%” thick. 

The resistance of the element varies as the 
logarithm of the relative humidity. The signal produced 
by the resistance change may be amplified a 
operate indicators, recorders, and controls, 


used to 


RAPID RESPONSE 

Reaction to humidity change is rapid, 67% of 
the change registers within 30 seconds on standard pro- 
duction elements. This reaction time can be reduced to 
| second for special applications. 


ACCURATE OVER WIDE TEMPERATURE RANGE 

For use over a wider range than heretofore 
possible, from -5° to 80° C (23° to 176° F), the standard 
element has a repeat accuracy within 3% R.H. Long-term 
stability and maintenance of calibration under adverse 
conditions are additional features of the El-Tronics 
Humidity Sensing Element. 


MANY APPLICATIONS 

The E1-Tronics Humidity Sensing Element is 
applicable to the entire field where relative humidity is 
measured or controlled. This includes humidifiers, de- 


t 


FOR COMPLETE INFORMATION ON QUOTATIONS... PHONE... WIRE... OR WRITE: 


CONTROL ENGINEERING 


humidifiers, dehydrators, dryers, home and industrial air 
conditioning, packaging process control, industrial, edu- 
cational, and government laboratories. 


PROVED PERFORMANCE 

The El-Tronics Humidity Sensing Element is 
the result of five years of research and intensive tests 
under a wide range of operating conditions. 


SPECIFICATIONS 
Standard Ranges, R.H.: 10-100%, 20-100%, 40-100% 
10-50%, 20-50%, 10-25% 

tmbient Temperature Range: 4-23° to 176° f 

Repeat Accuracy: Within 3% 

Reaction time, standard models: 67% of change registers 
within 30 seconds 
special models: 67% of change registers 
within 1 second 


Dimensions: 54" wide, 14%" long, ‘@"’ deep 
48 /2 p32 I 
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EL-TRONICS 


EL-TRONICS Laboratory HYGROMETER 


Complete range of 
10 to 100% R.H. 
Measures to 1% R.H. 


This is a precision 3- 
scale measuring instrument 
and can be used as a second- 
ary standard. It is accurate 
within +1% R.H. This hy- 
grometer is plugged into a 
110 volt a-c outlet to operate 
and is compensated for line 


voltage variations. MODEL 101 


SPECIFICATIONS 
Ranges: 40-100% (2% Graduations) 
20-50% (1% Graduations) 
10-25% (1% Graduations) 
Calibration Accuracy: 1% R.H. 
Power: 105-125 volts, 50-60 cycles 
Size: 8” x 104%” x 1014” 
Finish: Hammertone Gray 


Lightweight... 
Accurate... 
Battery Operated 


Designed especially 
for humidity measurement 
work where a-c voltage may 
not be available. Under in- 
termittent use, batteries are 
good for over 200 operating 
hours. 

Range of 10-100% R.H. permits measurements 
of 10-50% R.H. in 1% graduations and of 20-100% in 2% 
graduations. 
SPECIFICATIONS 

Range: 10-100% R.H. (2 seales) 

20-100% (2% Graduations) 

10-50% (1% Graduations) 
Calibration Accuracy: 2% KM. 
Power: Batteries 
Battery Life: 200 hours (Intermittent) 
Size: 5” x 6” x 7” 
Weight: 6 pounds 
Finish: Hammertone Gray 


EL-TRONICS. INC. 


Plant: MAYFIELD, PA. JERMYN 1450 
1420 Wainut St., Philadelphia 2, Pa. 


INSTRUMENTS 
MEASUREMENT AND CONTROL OF RELATIVE HUMIDITY 


FOR THE 


~ 


Versatile 


For panel mounting 
in industrial applications. 


EL-TRONICS Panel HYGROMETER 
Inexpensive... 

Through external switches, R 

any number of sensing ele- MODEL 102 


ments, remotely located, may be connected to the meter 
singly. 
SPECIFICATIONS 
Range: 20-100% (2% Graduations) 
10-50% (1% Graduations) 
Calibration Accuracy: 4% R.H. 
*ower: 117 volts, 60 cycles 
Size: 344" x 34%" (Cylindrical) 


EL-TRONICS Industrial Humidity Control 


Manual or automatic... a. *6 le 
controls over full q 
range 10-100% R.H. cd 


This is an electronic relay which 
is available in two types depending 
upon differential. Model 201 has a 
differential of + 5% R.H. and Model 
202 has a differential of + 1% R.U MODEL 201 
A standard thyratron tube “triggers” and MODEL 202 
the relay. Contact rating is ample for electrical equipment 
rated up to 1 h.p. 

SPECIFICATIONS 
Range: 10-100% R.U. 
Differential: Model 201 t+ 5% R.H. 
Model 202— + 1% R.H. 

Contacts: Double Pole, Double Throw 
Current: 10 amperes 
Power: 117 volts, 50-60 cycles 
Size: 4” x 4" x 51%” 


Finish: Hammertone Gray 


EL-TRONICS, INC. 

Mayfield, Pennsylvania 

Please send me complete information on 
Laboratory Hygrometer 

Portable Hygrometer 

Ponel Hygrometer 

Industrial Humidity Control 

Please hove representative call 


NAME 
COMPANY 


ADDRESS 
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MODEL MA640 MODEL MA65A 


MODEL MA2850 


RUGGED + ACCURATE + TUBELESS 


MAGNETIC AMPLIFIER DC SOURCES 


(MA-NOBATRONS*) 


Sorensen MA-NOBATRONS* have been designed for industrial 
applications and unattended installations where the utmost in 
maintenance-free service is required. 


NEW IMPROVED SPECIFICATIONS 


MODEL MA65A MODEL MA640 MODEL MA2850 





INPUT 105-125VAC, 10, 60 cycles 190-230VAC, 30, 
60 cycles 4-wire wye. 





OUTPUT 6VDC, adj. +10% 4.5-7.7VOC, adj. 23-32VDC, adj. 





LOAD RANGE 0-5 amperes 0-40 amperes 0-50 amperes 





REGULATION . — * 0% For any combination of line or load 





RECOVERY TIME 0.15 seconds under 0.2 seconds under 0.5 seconds under 
worst conditions worst conditions worst conditions 





Contact your local Sorensen representative, or write for further information. If you 
have special requirements in magnetic amplifier DC sources, write or call the Appli- 
cations Engineering Department, and your problem will receive prompt attention. 


SORENSEN & COMPANY, INC. * 375 FAIRFIELD AVE., STAMFORD, CONN. 


Send for new condensed cata'og 


*Reg. U.S. Pat. Off 


CONTROLLED POWER FOR s4p- RESEARCH AND INDUSTRY 
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ARVID W. JACOBSON 
computes for industry 






In 1949 a young midwestern math professor spent 






ummer solving this problem for his university 





PROBLEM 
for industry that could also be used for education 
and 









creating a nonproht computing service 


research 
AV AILABLE—nomn 
hOt IPMENT ON HAND-—none 








NIONEY 









SOLU TION—a “door-to-door”, podium-to-podium 
elling job for mechanized mathematics that ha 
resulted in today’s largest privately-supported com 
putation laboratory 








Dr. Arvid W. Jacobson was the man who mad 











the Wayne University computer project move. ‘The 
Doctor—he got his PhD from the University of 
Michigan in ‘48—is a compactly built, enormously 
friendly man deeply concerned with “people” and 
the relationship of his favorite subject—mathematics 
to their progress and welfare. He joimed the staff 
it Wayne in 1945 after a career that included work 


ing im the logging camps of his native northern 











Michigan (he quif school at 13 to become a logget vith a Promise of $100,000 f equipment, Gene 
ind resumed his education five years later); teaching Motors pledged $1 pang Ford he up with 
chool in small towns; and hospital work (where he >9V,900, contingent on the | im gaincd 
prime-moved an alcoholic-rehabilitation program With time running out 2 ON 000 sub 


cribed, Jacobson went back ft | hn Coleman presi 






















- - dent of Burroughs, and laid his problems on the 
Pure math—the catalyst table. Coleman immediate lved the remaming 
Karly in his teaching career Jacobson becam« $150,000, and two weeks later the Computation Lab 
aware of the pressing need for more basic math was a reality. Later, in Burroughs UDI 
matical training for industry's engineers and scien computer was put imto operat ind the program 
tists Ile founded the “Industrial Mathematics of training and nonprofit work for industs yun 
Societ a group dedicated to furthering pure into high gear 
mathematics in our industrial economy. Karly work Wayne's unique facilit 1 SUCCE from the 
by this society unearthed a glaring need for com start. Despite a jammed sclv c, in three vears D1 
puter facilities and catalyzed Wayne University Jacobson welcomed 1,200 p ¢ from industry a 
( omputation Laboratory program noncredit tudent md tudents taking credit 
Karly in 1949 Dr. Jacobson went to MIT for a courses in the computing n ficld. In no tin 
hort course in compute! technology. While there it all the input ind output ‘ to LUD VOTE 
he talked the officials into “donating” a differential taxed and Arvid Jacobso | th a om 
inalyzer to Wayne. But once the analyzer got to program: expansion of the first lxpansior 
Detroit the real problem arose. As Jacobson puts it basically, means more mor 1 Dr. Arvid Jacobson 
We were immediately faced with a cr ing need for is resigned to rusting golf til thre yall sum 
mone imply to operate the inalyzer. And when of $350,000 has been rarse But me close to the 
we did start, anyone could see that we needed a new project doubts his goal v : iched, As one loca 
ind much better computer—it was obviou industrial leader puts if | nan a the schoo 
Vhat summer Jacobson sprayed his throat, put make good sense. They | t ou how you 
yn sturdy shoes, and “hit the road”. He required can use their service and | 
$250,000 for new equipment and another $250,000 ive. And then they amortize fo nut ost ove 
to operate the lab over a five-year period During the year ind, believe me, th onation cheap 
that hot July and August he talked to scores of local at twice the price. But, best of all, tl c pushin 
leaders in industry and busin Burroughs Corp a frontier and openin tunitie fo oung 
rapidly developing its computer line) came through people in a field that 1 tal t iS a nation 
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COMMUNICATIONS & ELECTRONICS DIVISION. 


PR Mi Pate 
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WHAT'S NEW 


Control Conclaves Stir Engineers... 


... HERE 


In Pennsylvania, June 10-15, 183 
production engineers came from 
busy jobs in far-flung manufactur- 
ing plants to attend a classroom 
and lab workshop on “Automa- 
tion” at the State University. The 
“students” startled the “profes- 
sors” with their keen interest in 
the engineering principles and 
hardware of automatic control. 






















i 


At Penn State these serious, seasoned engineers eyed their future. What they saw was &&> 


... AND ABROAD 


In London, May 7-18, more than 
2,000 research engineers came 
from overseas laboratories to 
comb the booths of the second 
International Instrument Show. 
Although advanced test and an- 
alytical instruments were ear- 
marked for major emphasis, the 
big interest centered on new de- 
vices and techniques aimed at 
specific industrial process and 
product measurements. 




















In London's Victoria Hall this keen trio hovered over a showstopper The item a 




















As the meetings above (as well a kven as recently as a year ago the 1 vhat to look f editonal page 
those in Detroit, Boston, Milan, Buf ues were vague and the speaker h 63 
falo—see June issu uggest, Sprin on specifics ind definitions. Early thi All of y i wa f saying that 
56 was an active time for traveling car a hange cemed to set in. Meet mtrol Ou Keep a pecial 
control engineer Wherever the local ing ubje ts formerly labeled Auto eve on to com Lhe 
ind whatever the specih ubject CON mation got more dehnitive Spt iker provin tinent 
ered, one thing about each one of these tarted to furnish more facts and fig FOR CONCLAVES TO COME 
conclaves in control is certain: it is ures. Exhibitors appeared to know what 


Starting to pay off” for the attendec to show and ewe! ecmed to know TURN ‘TO PAGE 28 
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Ihe visiting production engineers were watching Georg Knausen 
berger, a local consultant, describe a spring and dashpot system using 
Laplace transforms and difterential equations. Comprehension of and 
interest in the mathematical tools of control were high 


PRODUCTION CONTROL IN PENNSYLVANIA 


Student Problem No. 4: Assembling and completely calibrating a 
differential-transformer null-balance system. 


Student Problem No, 5: Setting up a two-stop cycle vernier set timer 
for a repeat-cycle type of operation 
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Student Problem No, 3: Setting up an automatic weighing 
including two fixed and one adjustable load cycles 


\ 


Student Problem No, 6: Designing a timing program 
including two fixed and one adjustable load cycle 


One of the most impressive thin 
State’s second annual “Automation 
the type of peopl who attended. St 
on the preceding pag The 
necrs—a good share of them execut 
chine tool, heavy. equipment, clect 
umer hardgoods manufacturing 
reaction to Knausenberger 
was typi il: they asked for practi 
the math at work, wanted to know 


use analysi in solving an actuator 


control 


for example. In other sessions (work 
Bellow Co Zagal lool, Pern | 1 
it the 25 formal lecture 
matic inspection and dimension contr 


. whi hi ran 


tions research the \ wert equall 


question and answer period But 


greatest enthusiasm when they be 
benches to do the six problems in 
assembly, wiring, and testing—d 
components and parts by Automat: 
Control (se picture This vear 
ably organized by energetic Prof. ¢ 
Penn Stat Industrial Engincerins 
was spon ored by the National 
Manufacturers in cooperation wit! 
firms The fee for the seminar wa 
price for a week jammed with pract 
Fine as the ession was, howev 
what almost all “Automation 

to lack: an integrated ipproa h 
through basic engineering princi 
idvises that there will be much 
basics next yea 





WHAT’S NEW 


Shaker Has 
Servo-Valve Heart 

To test clectronic components’ r¢ 
sistance to the terrific vibrations that 
accompany take-off of guided missiles, 
Northrop Aircraft has built an electro 
hydraulic miniature shake-test devic« 
which will apply a force of 55 
parts weighing over half a_ ton 
“Earthquake Ernie” can test the ef 
fects of vibrations from 5 to 600 eps 
on whole airframe sections housing 
sensitive equipment without danger 
to the equipment, a decided possibil 
ity when magnetic shakers are used 
‘The heart of the shaker (arrow in 
photo) is a two-stage electrohydraulic 
servo valve designed by Bertea Prod 
ucts Co. Hydraulic pressure of 3,000 
psi forces “Ernie” through its 4-in 
“stroke”. “Ernie” was designed spc 
cifically to test the Northrop S5M-62 
Snark intercontinental guided missilk 


g to 
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a Ce 


Monroe’s MAID Sweeps 
Monrobot Clean in 30 Sec 


Che nec iry but awesome devi here 
the gadget that check 


begin the movement in computer f chnolog, 


compute! Th 
I 


toward the device to check the device to check 
the device to check thi ymputer. ‘The new 
irival is the Monrobot Automati Internal 
Diagnosis, or more affectionately, the MAID 
She's a rugged, forthright gal who, as her 
name implies, isn’t the slight bit squeamish 
ibout probing around the inside Mon 
robot VI computer for failures in vacuum 
tubes or germanium diodes whi might cause 
errors in computation. In 30 he MAID 
can pinpoint any trouble in omputer’ 
5.000 units and show where it is by means of 
in illuminated indicator. Looking h ver ar 
Anthony Garra, left, and Capt. Leroy E. Ross 
Jr., both of Wright Air Development Center 


ALWAC Computer Designs 
Nonlinear Pot in 15 Min 
An \] W AC ( lee tron digit il] 11h} uter, be 


ing applied to the design of nonlinear poten 
tiometers by Helipot Corp., cut 
time for the average application from 32 man 
hours (of engineers with desk calculators) to 15 


omputation 


min. Helipot engineers are often juired to 
design a nonlinear potentiometer whose output 
closely approximates a given f empirical 
ALWAC defin 
passing within the pe ified tolerance of the 
data point smoothing out ndom error It 


ilso designs other nonlinear 


data point polynomial 


optimizing 
ifter considering electrical and mechanical de 
riteria, Jimitations of wi y equipment 
Eventually, Helipot intends to program 
pot-winding machines from output tape and 


even use the computer to give les quotation 





ION 


down to 
the 
Spot Size’ 


In one phrase, that’s the story of the Du Mont Type 329-A. From the input attenuators, right through to the 


cathode-ray tube, tolerances have been held to a level that means what you can read 


you can trust. Accuracy 


of measurement is limited primarily by the size of the fluorescent spot (and with the superb characteristics 
of our mono-accelerator cathode-ray tubes, that's an especially significant statement ) 


Prove to yourself what the extra precision and convenience of the Type 329-A will mean to you. Call your 


nearest Du Mont representative for a demonstration, or write to Technical Sales Dept. at the address below 


CONTINUOUS SWEEP CALIBRATION. If you can read numbers you can 
make precise time measurements. Adjust the event to be measured to 
fill exactly a major interval on the screen. Then read time directly from 
the large legible dial with no interpolation, no need to count squares 
Accuracy? Better than 5% (including sweep generator and cathode-ray 
tube). 


REAL SWEEP LINEARITY. Our test spec reads “no 10% increment of 
sweep shall vary from another 10% increment by more than 5% in time 
interval represented.” In short, any non-linearity of sweep will be less 
than a trace-width! 


CALIBRATED SWEEP EXPANSION. Exclusive Du Mont “Notch” speeds a 
segment of the sweep by a factor of exactly 10. Result — effectively 
two calibrated rates during the same sweep. Expanded portion is dis- 
played in proper relation to the unexpanded portion. Uncalibrated notch 
offers greater expansion (up to 100 times on lower sweep ranges) 


AMPLITUDE CALIBRATION. Accurate (+2%) voltage standard is applied 
by a flick of a convenient front-panel switch to calibrate screen in any 
of 11 full-scale ranges from 0.2 to 400 volts 


HIGH PRECISION TYPE SATP- CATHODE-RAY TUBE. Only a tube built 
to our stringent tolerances could exploit fully the precision inherent in 
the circuitry of the Type 329-A. Based on the mono-accelerator principle, 
the Type 5ATF- offers the superb deflection linearity as well as the 
freedom from spot and field distortions required to render measurements 
valid right down to the resolving power of the trace 


DC TO 10 MC (30% DOWN) VERTICAL RESPONSE is the nominal band 
width of the Type 329-A. But owing to the gradual fall of the frequency 
response beyond this point, the amplifier is usable to 20 mc and beyond 
Unique amplifier design assures display of d-c signals with no d-c slump. 


*Spot Size 0 02” (approx ) 


HIGH-LOW-GAIN SELECTOR permits doubling deflection sensitivity (at 
some sacrifice in bandwidth) to 0.05 volt per major scale division for 
studies involving very low signal levels 


DUAL INPUT CONNECTORS permit switching from one signal source to 


another without changing leads 


MAJOR SPECIFICATIONS 
Frequency response: dc to not more than 3 db down at 10 me; rise 
time, .035 usec 
Deflection factor: 0.1 d-c volt/major division’; high-gain switch gives 
optional double sensitivity at 5 mc bandwidth approx 
Sweep rates: driven or recurrent sweeps, continuously variable, calibrated 
from 1 sec to 0.1 usec/major div.t; max. rate, 7” /usec(20 milli-micro- 
seconds /minor scale division) 
Sweep expansion: notch expansion, variable or calibrated rate, 10 times 


sweep rate on most ranges with calibrated notch and up to 100 times rate 
with uncalibrated variable notch 


Amplitude Measurement: 11 full-scale ranges from 0.2 to 400 volts full 
scale 

Cathode-ray tube — Type SATP- Mono-accelerator, operated at 6000 
volts (equivalent light output to post-accelerator tube operated at 1OKV 
Price $1090.00 





TYPE 336-A 
The Type 336-A offers all of the superb measuring facilities of the 
Type 329-A, but has a vertical frequency response extended to 18 
mc (3 db down) at a sensitivity of 1 dc volt full scale. With pulse 
response of 0.02 usec, the Type 336-A is particularly well suited for 
measurement of very high-speed phenomena. Price, $1125.00 











tMajor scale division 0.7 inch (10 minor divisions) 


pu Mor Technical Sales Department ¢ ALLEN B. DU MONT LABORATORIES. INC. +760 Bloomfield Ave., Clifton, WN. J. 
DON’T MISS THE DU MONT INSTRUMENT EXHIBIT AT WESCON BOOTHS 939-940 
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AMPLIFY 
MICROVOLTS 
with STABILITY 


Virst Kimac Receiving ‘Tube Is Precision Ceramic Model 

Does your application need a tube electrically to the 6SN7, but 
that will not produce spurious out what higher inter-clectrod ipaci 
puts when accelerated at several hun ti It is rated to opera ontinu 


! 
dred g's? Or one that will give high ously with an envelope te 


. oo E--- sasiiawaie performance for thousands of hour of 300 deg (¢ ind should 
an t 
it 400 deg C? § Eitel-Meé ullough expectan ol ft 


is claims to have the answer in their new hour Ihe fact that 
line of ceramic vacuum tubes, which could be found in the 
on BALANce oventoao ilso. re present Heimat first venture to QUO cp it accelel 
into the receiving-tube field I hie 10 g, the limit of 
IC3A hown whole and exploded test equipment furth 


ibove i dual trod imilar mechanical ruggedne 


nperature 


Or 47) 
ery,, tee 
va 
Gain “ny 


KAY LAB MODEL 110 
CHOPPER STABILIZED WIDE BAND 
AMPLIFIER FEATURES 


+ 2 py DRIFT 

1000 x GAIN 

10 GAIN RANGES 
5 py NOISE 

* 25 V OUTPUT 
30 KC BANDWIDTH 
100 K INPUT 


USE FOR LOW LEVEL DC ' 

INSTRUMENTATION . . . Pi, 1 

STRAIN GAS AMPLIFIER... This Package Converts Pulses to ‘Torque 

RECORDER DRIVER... Here's a unique little digital actua inch-pounds. Hence 


THERMOCOUPLE AMPLIFIER tor—just announced by the ‘Teller teresting, accurate 
Co. of Butler, Pa.—that can implifs other things. direct] 
the design of many a control system portional valve or pe 
Representatives in all major cities Basically, it’s a step motor with in an open-loop 


patented refinement which equip it quiring a feedback ot 





rotor to spond to pulse inputs ong ignal. ‘The unit is the fir 


inated by tape or punch-card program cially available component 


LAB It can handh up to > pp md chin control vstcm | 


wailable im output ranging from CONTROL [ENGINEERING 
inch-ounce of torque to thousands of 19 pag 13 
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FLIGHT'S CRITICAL 
FRACTION-OF-A-SECOND 


MONITORED PERFECTLY BY MYCALEX TM55 SwWiTCHES 
At 10 feet or 100,000 feet, test teams rely upon telemetering 


for flight performance data. When signals fail 


vital information is lost forever. 


Perfect commutation of these microsecond signals is an 
important job of MYCALEX TMS55 switches, whose specially 


engineered design is setting new standards of 
dependable, low- noise-level performance — less than 
1 millivolt peak-to-peak under most conditions 
Their extreme durability (more than 5,000 hrs 
continuous operation at 600 rpm) 


significantly reduces down time 


Individually designed to your 
specifications. Write to Dept. 448 


for complete information 


Precision-moided SUPRAMICA ‘ 555 
Ceramoplastic Commutation Piate 


*SUPRAMICA is a registered trademark of 
MYCALEXK CORPORATION OF AMERICA 


for ceran pl t naterial 


MYCALEX TM55 Commutation Switch 








MYCALEX ELECTRONICS CORPORATI 


SINCE 1919 





RAMBLINGS 


ON 


INSTRUMENTATION 


“Tiffany Equipment'’’? 

Our company has been working for over 
a year with an ex iting power plant super 
intendent who has a number of unusual 
ideas not the least of which is his rule of 
buying ‘Tiffany equipment’; 1e., ad 
vanced, premium-priced devices. His thesis 
is that in the two to three year span be 
tween utility plant conception and plant 
completion, standard equipment particu 
larly instrumentation ) has become obsolete 
He'd rather pay more and face up to the 
debugging time involved with new equip 
ment in order to have a more efhcient plant 
In the process of 


course his Of erating 


team and his suppliers usually young 


eager companies like Hays) learn a great 
deal about power plant dynamics and are 


able to challenge in-practice many pre~ 


CONnCcelyV ed ideas 


Working with this stimulating fellow and 
a live-wire consulting engineering firm, our 
Hays Division developed and installed 
electronic reheat, superheat and feedwater 
control for a large outdoor steam generator. 
Extensive use was made of our electronic 
mercuryless flow meters, and all necessary 
controls for the boiler, turbine and genera 


tor were consolidated on an unbelievably 


compact four-foot wide console panel 


THE HAYS CORPORA 
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| 
| 


board. Result 


| 
} 
after a lot of hard, coopera | 


tive work by the consultant, the customer 


and ourselves asweet running installation 


| 
Autumn in New York | 


We're looking forward to meeting a lot of| 


| 


| 
past, present and future customers during| 


' 
the 1.S.A. Show in New York September 


| 
Society brass predict an 


17th to 2Ist 
attendance of 30,000 at the exhibit in the 
new ¢ oliseum, and we re hoping a large 
share of them will stop in at the Hays-| 
Metrotype booths 516 and 517. The Hays 
Division will be showing a number of 
analog indicating and recording devices 
and the Metrotype Division will display 
for the first time a digital scanning, indi 
cating and recording system demonstrator 


Wondering about Digital 
Recording? 


With all the hue and cry about scanning 
and logging systems and digital tec hniques, 
a lot of folks are asking ‘‘Just what is 
Digital Recording ? Our Metrotype 
Division has prepared a little primer on the 


subject whic h you might find of interest 


See you next 


, bese J 
) 
f Jent 


r 


We d like to send you one 


mont h 


WHAT’S NEW 


CONTROL 
CONCLAVES TO COME 


Morgantown, Aug. 27-29 





Once again the School of Mines in 
West Virginia U. will hold its annual 
\ppalachian Gas Measurement Short 
Course on the application, operation, 
ind repair of natural gas measuring and 
pressure regulating equipment. Coinci 
dental will be an exhibit by 45 ga 
equipment manufacturer Genera! 
hairman in this 19th annual meeting 
is Howard § Jean of the National 
Bureau of Standard lor more de 
tails contact, Prof. R. k. Hanna of th 
university faculty 


New York, Sept. 17-21 


Last special University | 
hibit of control developments at the 
Production Engineering Show (Ctk, 
Nov. 1955, p. 24) was so rewarding 
to viewers and exhibitors alike that 
1 similar display will be a feature of 
the forthcoming Instrument Society 
of America conclave in the new New 
York Coliseum At this date the 
exhibit—co-sponsored by ( 
I;NGINEERING and ISA 
nine eastern universiti 

Cornell—dynamic load analysis of 
journal bearing motion 

Johns Hopkins U.—a 
rate 
vous-system wave form 





year’ 


ONTROI 
includes 


items from 


fermentation 
indicator; a demonstration of ner 
ind apparatu 
for deforming and studying metallic 
crystalline structure 

MIT a dual-function 
and an intriguing 
graphically 
flow characteristics of a proc« 

Pennsylvania State U.—two 
onsisting of a compact t 


nerator 
new method fo 
simplifying the dynami 
item 
mperature 


controller capable of 1/50 deg F° per 


CORNELL’s exhibit last year showed how 
variables influence journal bearing perform 
ance. This year the display will focus on 
dynamic load analysis of similar bearings 





The Pot That ‘Failed”’ 
Proved BORG Reliability 


Borg Model 205 Micropot 
Operated Satisfactorily 
Up to 70 Gs! 


el 
«a A BORG CUSTOMER® (with a sense of humor) 
WAS ON THE PHONE... 


“Your model 205 Micropot failed on test.’ 
“What test?” we asked. 


“We vibrated it over an extremely wide range 0 to 500 
CPS and that 205 Borg Micropot operated satisfactorily 
up to 70 Gs. Then it failed.” 


‘Did you say 70... seven zero Gs?” 


“I certainly did. Please forgive my kidding you a little 
and teil me something. How can you build an item of 
such precision that will withstand the terrific punishment 
of vibration shocks 70 times the acceleration of gravity? 
What holds the resistance in place? Do you glue it in?” 


We answered, “Better than that. We encapsulate it 
in the housing. The resistance winding is positioned 
on a very accurately ground steel mold core. End 
leads and terminals are soldered on and the whole 
assembly is molded into a unit contained in the 
bakelite housing. This is an exclusive advantage of 


Borg Micropots. Only Borg does it this way.” 


“Now I understand how you get that permanent relia 


bility. But how do you guide the contact to retain such 


*Name supplied on request. 


Write for Complete Engineering Data 


accuracy right up to the point where the structure fails?” 


“Here again is an exclusive Borg advantage’, we 
told him. ““The contact is guided over the resistance 
helix by a precision-ground lead screw so that only 


This lead 


screw is integral with the mounting surface so con 


the contact touches the sensitive element 


centricity is built-in for life 


“Incidentally, the new 900 Series Micropots have a hol 
low lead sc rew to allow two or moreunits ona single 


shaft. This eliminates mis-phasing and sloppy drives.” 


said our but will you 


“O.K., I get 


guarantee your Micropots for 60 Gs vibration? 


that’, customer, 


This was the curve he'd been waiting to throw us 
We said, “While most of our 900 Series Micropots 
will probably meet such a requirement, we won't 


guarantee it However, we will guarantee them to 


MIL-R-12944. Your 


own evidence that Borg Mix ropots withstood 70 Gs 


meet all the requirements of 


vibration is just further proof of the large safety 


factor built into all Borg Micropots for reliability 


and long life.” 


BORG EQUIPMENT DIVISION 


THE GEORGE W. BORG CORPORATION 


JANESVILLE, WISCONSIN 
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| WHAT’S NEW 


MUIRHEAD 


MANUFACTURERS OF SYNCHROS 
FOR TWENTY YEARS 


AN OPTIMIZED GAS BURNER 
proved a popular demonstration in the 
Qhio State booth at last year’s University 
Exhibit in Chicago. It combined servo 


€SIZE FEEL MUIRHEAD } and digital techniques 


formance, and a ferr 


‘ 


Princeton—an clect 
including nonlinear 
works to modify th 
Rensselaer Polytechnic 
three-model control 
cale; a pneumatic pan 
lator, and an all-elect 


€SIZE 15 [muirHeao | ee a ter wh 


force of human bite 





inesthetizer 
Yale—a gyro stabliz 
ind an cquipotential f 
hollowing the pattern 
CONTROL ENGINEERING 
plete reports on most 
versity items in its S 


7 Mmcennyg ha ) It 
€ SIZE [| [Uo wats brevis th 


their prot iY inl 
with ( ich other 
editors of Ctk and ofh 


inv read ire parti 





in the probl m 
ictivity im control l 
who would like to attend 


MADE EXACTLY TO please write to Chief | 


nah ufficient interest 
the s ion mto a Y 
BuOr pec ion of education in 
Data Sheets and Quotations on request Heidelberg, Sept. 25-29 
\ recent lett ) 


Oldenburger 
MUIRHEAD by Key Peoplk 


travel to German 


MUIRHEAD INSTRUMENTS INC. at an labernationa! 


M diern Theor 


677 Fifth Avenue - New York 22 - N.Y. their Application 


on the mayo 
Phone: Murray Hill 8-1633 that ey "aa 
United States Sales and Service for field of automati 


Other mornin 
MUIRHEAD & CO., LIMITED - Beckenham - Kent - England Kiipfmiiller (said to | 


PRECISION ELECTRICAL INSTRUMENT MAKERS to use closed-loop dia 
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MICROAMMETER 
MILLIVOLTMETER 


RECORDER | 


PERFORMs G 


ESSENTIAL FUNCTIONS 


Measures low-level de signals with calibration accuracy 
within 0.5%, and sensitivity within 0.2% of span. 


Records on 3” continuous strip chart or IBM-type card 


chart, with linear coordinates. 


with foree many thousand 


direct-de flection 


Positions recording 


than 


times greater usual electrical 


movements. 

Operates on force-balance principle compensating for 
ambient conditions, changes in power supply and com- 
ponents. 

Gives high-speed recording — up to 0.05 seconds for 
63% of fullscale changes. 

Provides span and zero adjustments for ease of calibra- 


tion and zero suppression in the field, without special 
equipment. 


The Series 130 Re- 
corder is a highly sensitive microammeter or 


new ‘American-Microsen’ 
millivoltmeter that gives positive, accurate elec- 
trical measurement and rugged, maintenance- 
free service. Yet the unit costs less than othe: 
recorders for the same purpose. 


Heart of the Series 130 Recorder is the “Micro- 





le ee ee 


sen” balance that converts low-level de input 
signals into powerful output current to drive the 
fed back to the 


input. Consequently, the recording unit is force- 


recording pen. Pen position 


balanced in precise relationship with the input 


signal. Power is ample to operate alarm contacts, 


which are available 


SPECIFICATIONS 


POWER SUPPLY: 115 volts, 60 cycles. POWER REQUIREMENT 


INPUT RANGES: Voltage 
microamperes to 
volt 

ACCURACY: + 0.5% of spar 


0.25 


> watts 
0-20 millivolts t volt Current 
input Sensitivity 6700 ohms per 


0-100 mil iamperes a 


SENSITIVITY f span. REPEATABILITY 


of span 
EFFECT OF SUPPLY VOLTAGE; L« tha 


EFFECT OF AMBIENT TEMPERATURE: \« 
and less than 1 to 130° f 


RESPONSE TIME 
nput change; up to 0 
approximately 4 times fast 


SHOCK RESISTANCE: Withstand 


CHART SPEEDS: Strip Chart 
able. Card Chart . | rotat 


SPAN ADJUSTMENT 
PRICE: $250.00 consume 


Fast Speed 


Write for Bulletin MGIO 


MANNING, MAXWELL & MOORE, INC. 


 MAKWEL L : 


MAKERS OF 


wi 2BOOW 9 


MI 


TRADE Manx 








INDUSTRIAL CONTROLS DIVISION, STRATFORD, CONNECTICUT 


AMERICAN-MICROSEN 
ELECTRO-PNEUMATIC VALVE POSITIONERS AND ELECTRO-HYDRAULIC 


ELECTRONIC TRANSMITTERS, INDICATORS, RECORDERS, CONTROLLERS, 


CONTROL VALVE OPERATORS 
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PARTLOW 
MODEL 70 


Non-indicating 
Temperature Control 


Constant, 
uniform 
temperature... 
with this 
dependable 


GAS CONTRO 


Kon 
4 


(Cd 


partlow 


the pioneer in mercury thermal controls 


Designed for use with air or gas under pressures up to 
20 Ibs. per sq. in., the Model 70 Partlow Control is both 
uncomplicated and unusually sensitive. Recommended for 
critical control applications . . . in temperature ranges from 
0° to 1200°F. 

ideal for installations using high-pressure gas inspira- 
tors, or proportioning arrangements with compressed air as 
the inspirating medium. 

Balanced double-ball design. Desired temperature set 
by simple adjustment on easy-to-read dial. 

Operates as a self-contained temperature control system 

. requires no accessories. All elements of same scale 
range are interchangeable . . . elements can be replaced 
quickly, on the spot. 


WRITE TODAY FOR BULLETIN 


THE PARTLOW CORP, depr.c-sso, NEW HARTFORD, N. Y. 


Offices in All Principal Cities 
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WHAT’S NEW 


ern Theories of Automatic ¢ ontrol’’, 
ind J M | Jan cn on Il ‘heory and 
\pplication of Elementar l'echnique 
in the Science of Automatic Control 
\ total of 77 pape! organized into 
14 sessions—will follow these intro 
ductory talk Prof. Oldenburger say 
the are scheduled to cover in detail 
uch topics as instruments and in 
trument engineers. th« dependability 
of mathematical models for control 
tems, the state of automatic con 
trol in Germany, and the future of 
the automatic control field’. The con 
ference, co sponsored by the Ger 
man Society of Mechanical Engineers 
ind the Germany Society of Electrical 
Kngineers, will include 34 papers by 
Germans, 18 by Americans, seven from 
Great . Britain, four apie from 
Switzerland and Japan, thre 
from Sweden and Holland, two fre 
the Soviet Union, and two from Au 
tria, and single contributions by en 
nneers from Italy, France ind Yugo 
lavia. Among the Americans on the 
program: Dave Boyd (Universal Oil 
Products); Remus Bretoi Honey 
well’s Aeronautical Di Porter Hart 
Dow Chemical); Bob Kochenburger 
U. of Connecticut Hank Paynter 
Pi Square Engineering); Jim Res- 
wick (MIT) All in all, this appeal 
to be one of the most omple te and 
iuthoritative conclaves on control en 
ginecring ever scheduled. Dr. Olden 
burger reports that “five Russians from 
the Institute of Automatic Control 
ind I'clemechani in} Moscow plan 
to attend the Heidelberg conference” 
For Russia’s attitude toward auto 
matic control ( Industry's Pulse, 


Chicago, Oct. 1-3 
\ record 240 ommel i] exhibit 


ind 100 technical papers will liven up 
the rooms and corridor if the Hotel 
Sherman during this 12th annual Na 
tional Electronics Conference Spon 
ored jointly by IRE, ATEE, Illinois 
Institute of Technology, U. of Illinoi 

ind Northwestern | th onclave is 
( «pected to draw 10,0f 





All Around the 
Business Loop 


>In 1946, when A. Donald Booth 

ind William N. Locke f | 

omputer t1 inslation of lat 

proper equipment 

But as enthusiasm 
Conti 





Hlow Schrader Air Products help seal 


5000 pellet boxes per day-3 times faster! 


ing is achieved. 


Box sealing is a common operation performed by 
compressed air. Just how speedy it can be is dem- 
onstrated at a New York arms manufacturing 
plant, where 5000 boxes of pellets are crimped 
tight each day. The back-breaking job of crimp- 
ing by foot power is eliminated, and the operator 
does not become fatigued. 

Wherever operations are automated—in hold- 
ing or positioning work, moving scraps or chips, or 
synchronizing actions—air can help. By making 
these steps automatic, more efficient manufactur- 


In many cases this can be done more economi- 
cally with Schrader Air Products than in any 
other way. Upon request, Schrader engineers will 
assist you in planning for the most efficient use of 
air and in selecting the products best suited to 
your applications. Outline your problem to us.. 
we'll be glad to help you. Or, send for the latest 
informative booklets which show Schrader Au 


Products that will help you increase pro 
— 
duction —economically. 


r 


A. SCHRADER'S SON 


Division of Scovill Manufacturing Company, Incorporated 


47\ Vanderbilt Avenue, Brooklyn 38, N.Y 


FIRST NAME IN THE USE OF AIR 


INDUSTRIAL PRODUCTION 


ESTABLISHED IN 1844 FOR 


AND CONTROL 


AUGUST 1954 








lf moisture troubles your controls... it'll pay you to use 


Ad Ig kp mercury relays 


Adiake relays require no maintenance whatever...are quiet and 
chatterless...free from explosion hazard. Dust, dirt, moisture and 
temperature changes can’t affect their operation. Mercury-to-mer 
cury contact gives ideal snap action, with no burning, pitting or 
sticking. Time delay characteristics are fixed and non-adjustable 
For more information about Adlake Relays, write The Adams & : 
Westlake Company, 1181 N. Michigan, Elkhart, Indiana ; ) 
“a 


. 
; 


The Adams & Westlake Company ~ ‘ Brn 


Eatablished 1857 . ELKHART, INDIANA . New York . Chicago 


the original and largest manufacturers of mercury plunger-type relays 


enn 
— 
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Stability 


beyond a doubt 


a 


IIXTOHM 


PRECISION RESISTORS 


When you want stable non-inductive resistors, 
you want “FIXTOHM,” because: 


Plus/minus 1% tolerance, standard. 42%, 
2% or 5% can be furnished. 


Negative temperature coefficient of re- 
sistance between 0.02% and 0.05% per 
degree C. temperature change (200 to 
500 PPM), depending on resistor style 
and ohmage. FIXTOHM resistors are ap- 
proved under MIL-R-10509A, Character- 
istic X. 


Based on resistance readings at 1/10 full 


rated continuous working voltage, not 
exceeding 0.002% per volt 


At rated voltage, excluding thermal 
noise, less than 0.3 microvolt per volt 


Inductive and capacitive reactions ex 
tremely small and normally can be neg 
lected. Approximate shunt capacitance, 
less than 0.6 micro-micro-farads 


Ye, Va, V2, 1 and 2 watts. 


for detailed literature. Let us quote on your 


deposited-carbon precision resistor requirements. 


*Reg. U. S. Pat. Off 


CAMPBELL inoustmes, inconroraren, 3006 $1. ELMO STATION, CHATTANOOGA 9, TENN. 
A subsidiary of CLAROSTAT MFG. CO., INC., Dover, New Hampshire 
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New General Electric Tetrode Transistor 


Amplifies at 120 mc 


The new General Electric Germanium NPN Tetrode has 
been designed for amplification, switching, controlled 
oscillation, AGC, and other higher frequency operations 


Meltback process, new package design. Higher fre- 
quency operation is made possible by recent G-E develop- 
ments of the melthack process. Exceptional results obtained 
from devices produced through this process have led to the 
design of this new transistor. A new standard package de- 
sign provides easy adaptation to printed circuit applications, 
an extra lead for grounding when used at higher frequencies, 


good heat dissipation, and a more convenient smaller size. 


In Television Circuits: This transistor used in a six-stage 
TV IF amplifier operates at a center frequency of 45 me. 
Maximum bandwidth in each tank circuit can be obtained 
with a variable inductance which resonates with the tran- 
sistor and circuit capacitance. This tetrode amplifier delivers 
up to 57 db gain with a 4 me bandwidth. A video amplifier 
of two stages, each containing a tetrode 
gain of 33 db 


alent to vacuum tube performance. 


produces a power 
A db from 30 « ps to 10 me which is equiv- 
In Radar Circuits: The new tetrode has been used in a stand- 
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ard radar IF amplifier. Operation showed a 70 db power 
gain at 30 me with a 3 me bandwidth. 


In Oscillator Circuits: An oscillator operating at 110 m« 
produced a 10 mw output power. 


In Pulse Circuits: A typical circuit with a pulse repetition 
rate of 1 me has a peak pulse power gain of 10 db. The out- 
put pulse has a rise and fall time of 0.025 microseconds 


and a pulse width of 0.07 microseconds. 


Four Typical Tetrode Specifications Are: 
Collector Voltage 7 volts 
Power Gain _ 
Bandwidth _ 
Power Dissipation 


10 dh min. at 120 megacycles 

2 megacycles 

50 milliwatts at room temperature 
Ask your General Electric Semiconductor Specialist for the 
full details and technical specifications. Or, write today to: 
General Electric Company, Section X9986, Semiconductor 


Products Department, Electronics Park, Syracuse, N. Y. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 





engineers 


"TEAM UP" 


with your 
engineers 


IN SOLVING YOUR 


RESISTANCE PROBLEMS 





Save valuable engineering time ... team up with 
Ohmite to solve your resistance problems. Ohmite 
engineers are resistance specialists . . . they can 
quickly analyze your requirements and recommend the 
correct rheostats and resistors to fit your application. 
Years of experience in building dependable resistance 
units... complete design, development and production 
facilities .. . plus a long record of helping others to eco- 
nomically solve their resistance problems... are your 
assurance that Ohmite can help you. We invite you 


to submit your resistance problems to us, 


OHMITE MANUFACTURING COMPANY, 3674 Howard Street, Skokie, Illinois (Suburb of Chix 


*v 
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Choosing A System 


| 


When magnetic recording was in the 
audio phase of its development, 
there was just one recording method 

direct recording. But today, sev 
eral methods are available. And 
while direct recording is still com 
mon in audio work, it has taken a 
back seat to modulated carrier tech- 
niques in the more critical field of 
data recording. 

To take advantage of the broad 
range of equipment and techniques 
now available, start with a thorough- 
going analysis of your own present 
and future data handling . . . data 
processing needs. Then, match the 
techniques and individual compo- 
nents to those needs. 

Choose the recording method first: 
Direct recording is limited in data 
work by its poor amplitude repro- 
duction and poor low frequency re- 
sponse on playback. Pulse width 
modulation (PWM) recording is 
excellent for recording a large num- 
ber of channels with limited fre- 
quency response. Digital recording 
offers extremely high data accuracy, 
but relatively low information capac- 


FM recording, electronically com- 
pensated for wow and flutter, offers 
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In choosing data recording equipment, it 


is now feasible to tailor the equipment to 


present and future data handling needs. It 


is no longer necessary to tailor your entire 


program to equipment limitations. 


for magnetic tape DATA recording 


a combination of high overall system 
performance, frequency response, 
and information capacity, suiting it 
for most analog recording applica- 
tions. Any or all of these methods 
can be supplied in the same record- 
ing system by inserting the proper 
plug-in circuitry. 

Consider physical requirements 
next: Where you plan to use a sys- 
tem is an extremely important fac- 
tor. To record data in a missile or 
jet, you will obviously need different 
equipment than would be used in a 
laboratory. But reel size, tape width, 
tape speeds, must also be selected. 
And heads, available for recording 
from 2 to 24 data tracks or even 
more, should be specified early. 
Keep in mind also the planned final 
disposition of the data, whether to a 
computer, direct writing recorder, or 
other equipment. 

Finally, select system components 
and accessories: In FM carrier re- 
cording alone, you can choose from 
at least three recording oscillators, 
two reference generators, and sev- 
eral signal and compensation dis- 
criminators. Speed control servos, 
power supplies, and remote controls 
also require attention. 


Needless to say, much of this proc- 
ess of selection requires special ex- 
perience, and should be placed in 
the hands of the competent data re 
cording systems manufacturer. But 
the important thing to remember is 
that data recording on tape is a field 
in itself, with special techniques and 
special equipment that can _ be 
matched to virtually any recording 
need. The day when the problem 
had to be tailored to the equipment 
is long past. 

More detailed information on re 
cording systems and equipment, and 
how to select them, is provided in 
“The Role of Magnetic Tape In 
Data Recording,” available on re 
quest to Davies Laboratories, Inc 


LABORATORIES, INCORPORATED 


4705 QUEENSBURY ROAD © RIVERDALE MARYLAND 





ready for many jobs... 


KOLLSMAN 


synchronous 
differential 


... in production 
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compact—only 2% x 414 inches. 


lightweight — 28 ounces. OUTPUT 
inherently accurate — driven by 2 
synchronous motors 


in one package—a half-speed synchroscope 


; : hae ; 
for many 60 cycle and 400 cycle applications = 1 i+) Bigh Sensitivity plus [ usable torque 


t 


| 
operates from single or polyphase sources This versatile half-speed synchroscope mates two tiny 


hysteresis-type synchronous motors of variable frequency, with 
maximum torque — 1.0 oz./in. 
an unusually efficient differential gearing system—al! in one 
compact unit. The output shaft rotates at a speed equivalent to 
Kolisman’s control engineering specialists % the difference between the speeds of the two synchronous 
are ready to work with you on your specific motors 
application. Write for information Thoroughly tested and perfected for military use, the Kollsman 
today and tell us your needs. precision SYNCHRONOUS DIFFERENTIAL is now available for a 
wide range of commercial! applications in speed and position 
control, flow control in process industries, and computer appli- 


cations — to suggest but a few. 


Career OprorTUNITiEs: We have openings for mechanical and electro- 
mechanical engineers and senior technicians. Write ua if interested 





kollsman wore went KOLLSMAN MOTORS 
CORPORATION AND SYNCHROS 


—————EE +> — 





Serve motors « Rate generators 
KOLLSMAN PRODUCES: Flight Instruments ¢ Precision Computers and Serve motor-generators 

Components + Engine instruments « Optical Systems and Components « 
Navigation instruments « Precision Flight Controls « Motors and Synchros 
* Precision Test instruments for Aviation and industrial Laboratories 


Synchronous motors + Synchros 
P.M. generators 








80-08 45th AVE., ELMHURST, NEW YORK + GLENDALE, CALIFORNIA + SUBSIDIARY OF Standard COM PRODUCTS CO. INC 
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Choosing A System 


When magnetic recording was in the 
audio phase of its development, 
there was just one recording method 

direct recording. But today, sev 
eral methods are available. And 
while direct recording is still com 
mon in audio work, it has taken a 
back seat to modulated carrier tech- 
niques in the more critical field of 
data recording. 

To take advantage of the broad 
range of equipment and techniques 
now available, start with a thorough- 
going analysis of your own present 
and future data handling . . . data 
processing needs. Then, match the 
techniques and individual compo- 
nents to those needs. 

Choose the recording method first: 
Direct recording is limited in data 
work by its poor amplitude repro- 
duction and poor low frequency re- 
sponse on playback. Pulse width 
modulation (PWM) recording is 
excellent for recording a large num- 
ber of channels with limited fre- 
quency response. Digital recording 
offers extremely high data accuracy, 
but relatively low information capac- 
ity. 

FM recording, electronically com- 
pensated for wow and flutter, offers 
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In choosing data recording equipment, it 


is now feasible to tailor the equipment to 


present and future data handling needs. It 


is no longer necessary to tailor your entire 


program to equipment limitations. 


for magnetic tape DATA recording 


a combination of high overall system 
performance, frequency response, 
and information capacity, suiting it 
for most analog recording applica- 
tions. Any or all of these methods 
can be supplied in the same record- 
ing system by inserting the proper 
plug-in circuitry. 

Consider physical requirements 
next: Where you plan to use a sys- 
tem is an extremely important fac- 
tor. To record data in a missile or 
jet, you will obviously need different 
equipment than would be used in a 
laboratory. But reel size, tape width, 
tape speeds, must also be selected. 
And heads, available for recording 
from 2 to 24 data tracks or even 
more, should be specified early. 
Keep in mind also the planned final 
disposition of the data, whether to a 
computer, direct writing recorder, or 
other equipment. 

Finally, select system components 
and accessories: In FM carrier re- 
cording alone, you can choose from 
at least three recording oscillators, 
two reference generators, and sev- 
eral signal and compensation dis- 
criminators. Speed control servos, 
power supplies, and remote controls 
also require attention. 


Needless to say, much of this proc- 
ess of selection requires special ex 
perience, and should be placed in 
the hands of the competent data re- 
cording systems manufacturer. But 
the important thing to remember is 
that data recording on tape is a field 
in itself, with special techniques and 
special equipment that can be 
matched to virtually any recording 
need. The day when the problem 
had to be tailored to the equipment 
is long past. 

More detailed information on re 
cording systems and equipment, and 
how to select them, is provided in 
“The Role of Magnetic Tape In 
Data Recording,” available on re- 
quest to Davies Laboratories, Inc 


LABORATORIES, INCORPORATED 


4705 QUEENSBURY ROAD @ RIVERDALE. MARYLAND 





ready for many jobs... 


KOLLSMAN 


synchronous 
differential 


... in production 
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compact—only 2% x 41% inches. 


lightweight — 28 ounces. OUTPUT 
N, — Ny 
2 
in one package—a half-speed synchroscope 
with High Sensitivity plus | usable torque 


inherently accurate — driven by 
synchronous motors 


for many 60 cycle and 400 cycle applications 


operates from single or polyphase sources This versatile half-speed synchroscope mates two tiny 


hysteresis-type synchronous motors of variable frequency, with 
maximum torque — 1.0 oz./in, 
an unusually efficient differential gearing system—all in one 
compact unit. The output shaft rotates at a speed equivalent to 
Kolisman’s control engineering specialists % the difference between the speeds of the two synchronous 
are ready to work with you on your specific motors. 
application. Write for information Thoroughly tested and perfected for military use, the Kollsman 
today and tell us your needs. precision SYNCHRONOUS DIFFERENTIAL is now available for a 
wide range of commercia! applications in speed and position 
control, flow control in process industries, and computer appli- 
cations — to suggest but a few. 


Carnger OrrorTunities: We have openings for mechanical and electro- 


mechanical engineers and senior technicians. Write ua if interested 
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KOLLSMAN PRODUCES: Flight Instruments « Precision Computers and Serve motor-generators 

Components « Engine instruments « Optical Systems and Components « 


Navigation instruments « Precision Flight Controls * Motors and Synchros 
© Precision Test instruments for Aviation and industrial Laboratories 





Synchronous motors «+ Synchros 
P. M. generators 
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From MOOG... a‘ Dual Input Servo Valve 


for Flight Control 


! 
q 
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Pilot boost servos for control surface positioning are commonplace. These 
servos are usually necessitated by high control surface aerodynamic loads 
which make direct control through the pilot’s stick impracticable. Generally, 
they are mechanical-hydraulic in nature. 

Today, as aircraft operational requirements increase, it is necessary to 
add artificial flight stability augmentation through these servos. Also, aircraft 
autopilots must work through this medium, These modes of operation generally 
require electro-hydraulic servos. 

To coordinate these functions, the Moog Valve Company introduced, and 
is now in full production on, its Dual Input Servo Valve. These units permit 
direct mechanical-hydraulic flight control, combined mechanical-hydraulic 
and electro-hydraulic control, and electro-hydraulic control alone. Full mechani 
cal override for safety is always possible and self-contained solenoid and lock- 
out arrangements permit full flight mode selection 

Employing an entirely new principle of summation, the Moog units 
accomplish the electro-mechanical mixing function without linkage in a single, 
integrally-designed package, By elimination of linkage inertia and backlash, 
the Moog Dual Input Valve greatly increases low amplitude resolution and 
frequency response. It simplifies the entire control system and is far more 
compact than other dual input mechanisms 

The Dual Input Servo Valve was developed by Moog’s creative engineer- 
ing steff. This team approach is available to industry to produce advanced 
electro-hydraulic servo components. 


MOOG VALVE CO., INC., PRONER AIRPORT, EAST AURORA, N.Y. 
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TWO WAYS... with a é 
Master Unibrakes 


STOP-HOLD— Master Type M 

Magnetic Unibrake Motors. For 

quick, controlled stopping —espe- 

cially when you want to hold the 

load. Spring-setting magnetic re- 

lease brakes of the friction disc type 

combine with motor in a compact, / 
integral unit. Sizes—% to 150 H.P. 









ROLLING STOP—Master Type 
D Dynamic Unibrake Motors. 
Braking is obtained with a unique, 
patented brake winding superim- 


posed on the stator winding. Simple, “_— 
required, the brake has no moving ° 

parts. There is nothing to wear or 

adjust—braking torque repeats con- : 
sistently. Particularly recommended ; 
for automatic applications which 
do not require static holding. 4 = 
Sizes up to 30 H.P. ~~ 


compact, with no DC current 








- -4 


4 
_— 


4 ee 





| 


MASTER GEARMOTORS and 


, a 
variable speed drives can be supplied ¢ } 
with integrated Unibrakes too. a 
See Master for the perfect power e- | ' 

<a 


drive for you. 


TTIBRAKE MOTORS. 
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...and do the figures bound from 
your cranium with a purpose ? 
Then you’re the Senior Engineer 

or Scientist we're looking for 

at Firestone...a man with real 
scope who wants to work in a 
creative climate where figures have 
already added up to the “‘Corporal”’ 
surface-to-surface ballistic missile... 
where the benefits measure up to 
the “head’’ with real figures. 


For 56 years Firestone has led in 
heads for figures...for Research, 
for Development and Production. 
Now we need some more. Here 
are just a few of the needs. 


Systems Test Equipment Design 
Component Test Equipment Design 


Ground Handling Equipment 
Systems 


Mechanical Production Engineering 
Electronic Systems 
Materials and Processes 


We have a man at Firestone with a 
head for figures like yours. Write 
us. We’ll arrange a meeting. 


Fi regtone 


GUIDED MISSILE DIVISION 


RESEARCH * DEVELOPMENT* MANUFACTURE 
“Find Your i ifure at ia restone Fe Lo: A? de ly 


WRITE: SCIENTIFIC STAFF DIRECTOR. LOS ANGELES 84. CALIF 
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_ Look what happens when 


MICROSTAK iiodes replace 


By replacing dual diode vacuum tubes with "Wine c 

MICROSTAK Selenium Dual Diodes, you can 

now save space and money in many low current FEATURES OF MICROSTAK DIODES 
applications calling for high back resistance and 
low forward resistance. These IRC components not 
only eliminate all the added bulk, sockets, and 
assembly connected with tubes, but are also eco- 
nomical to buy and use, 


MICROSTAK Selenium Dual Diodes cover a 
microampere to milliampere current range at volt- ; 
ages as high as several thousand volts. Furthermore, = °& Available in single or multiple cell types 

they are available in molded plastic, hermetically oe Excellent performance at ambient temperatures 
sealed glass, and other enclosures. As a result, up to 125° C 

MICROSTAK Selenium Diodes deliver the per- 


: Supplied to much closer limits than ordinary diodes 
formance you want in powe! supplies, voltage 


improved stabilit ide temperaty or 
regulators, balanced modulators, arc suppression, Pe Sey Seer See tomy a 
meter overload protection, logarithmic converters, 
magnetic amplifiers, and many other applications. 


INTERNATIONAL RESISTANCE CO. 

Dept. 182, 401 N. Broad St., Phila. 8, Pa. 

in Canada: International Resistance Co., lid., Toronto, Licensee 
Send bulletins on Selenium Diodes Varistors 

NAME 

COMPANY 

ADDRESS 


ciITY 
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Notable 
A chievem ents 


at SAL 


JPL JOB OPPORTUNITIES ARE 
WAITING FOR YOU TODAY 
in these fields 


RADIO GUIDANCE 
MICROWAVE S 
ELECTRONIC RESEARCH 
SYSTEMS ANALYSIS 
GUIDANCE ANALYSIS 
ELECTRO MECHANICAL 
INSTRUMENTATION 
INERTIAL GUIDANCE 
TELEMETERING 
PACKAGING 
MECHANICAL ENGINEERING 


CALTECH 
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SECURE COMMUNICATIONS SYSTEMS...JPL scientists and 
engineers have made outstanding contributions to the research and 
development of communications systems designed to operate in the 
presence of severe interference. 

Protection of a communication system from deterioration by extraneous 
interference is of paramount importance to the ultimate utility of that 
system. At the Jet Propulsion Laboratory this pressing practical challenge 
has been met with concrete achievement in basic and applied communi- 
cations research, paired with sound development engineering. 


Pioneers in Guided Missiles 





The Jet Propulsion Laboratory is an organization devoted to scientific 
research and development. Its prime objective is obtaining basic infor- 
mation in the various sciences related to missile systems development, 
including all phases of jet propulsion. The Laboratory maintains as its 
basic foundation, a major uninterrupted program of fundamental research 
in most of the physical sciences, 

The Laboratory occupies an 80-acre plot in an otherwise residential 
area in the San Gabriel mountain foothills North of Pasadena. Its staff of 
approximately 1,250 persons are all employed by the California Institute 
of Technology, and it conducts its several projects under continuing 
contracts with the U.S. Government. 

In its missile system and jet propulsion undertakings, the Laboratory 
maintains a broad technical responsibility, from basic research to proto- 
type engineering. By virtue of the Laboratory's broad area of responsi- 
bility and the integrated nature of the JPL technical staff an individual 
scientist or engineer is brought into satisfyingly close contact with the 
general field to which his technical speciality contributes. 

If you are interested in knowing more about the Jet Propulsion 
Laboratory and its specific employment offerings, please write. 


JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 





Core sits 


Construction —Printed circuit terminals are designed 
with snap-in feature which holds relay in printed circuit 
board without lugging prior to solder dip. 

Other versions of MS relay availabie with standard solder 
type terminals and insulating base, where required. Also 
with 4 N.O. isolated circuits having common make. 

While not yet in production, extra-sensitive version has 
been developed. Maximum coil resistance 18,000 ohms, 
nominal sensitivity .030 watt, maximum sensitivity .020 
watt, overall height 1-9/16". All other details same as 
standard MS relay. 


. 
Application—type MS is an ideal relay for any 
application requiring a compact, highly reliable single pole 
D. C. device, where a low cost solution is required because 
of volume usage and competitive problems. 

The fact that industry has already used over a million 
units of this design is your assurance that the R-B-M Type 
MS relay will meet your most exacting requirements. 

Contacts used in Type MS are of the cross bar type, which 
offer the ultimate in reliability throughout the life of the 
relay. Molded bobbin design has eliminated coil failure 
on sensitive applications under severe climatic conditions. 


' m 
AP erases 
BR ees eee 

. o> 04 
ed 


SOLDER TERMINALS 
4 isolated circuits with 
common make contact. 


INSULATED BASE 
Solder terminals mounted EXTRA SENSITIVE 
asi 


on insulating base VERSIO 





ENGINEERING DATA 





Miniature Sensitive Relay 
Type MS 


5. P.D.T 


Specifications 


Contact Form 
Contact Rating | amp. 32 V.D.C. non-inductive 
Coil Resistance 


Nominal Sensitivity (Coil Input) 


Up to 10,000 ohms 
060 Watt 


Maximum Sensitivity 040 Watt 








Approx. Dimensions 1Ye x 1a x 1" 








Send for Descriptive Bulletin MS-1 


wy») RBM DIVISION 


ESSEX WIRE CORPORATION, Logansport, Indiana 





OTHER PRODUCTS 


AUGUST 1956 


45 





46 


as an Autonetics 
Engineer... 
you can achieve science-fact 
far stranger than science-fiction 


Today at Auronetics there are elaborate automatic 
control systems actually being developed, designed and 
produced in quantity that make the mechanics of the 
wildest space fantasies look ordinary. 
For example, where in the pages of science-fiction is 
there a robot that compares with AUTONETICS’ new 
airborne digital computer? This 3-cubic-foot brain 
can solve mathematical problems in one second that 
would take a math whiz with pencil and paper 9 
hours, or require a clothes closet full of ordinary 
computer equipment. It can continuously integrate 
93 quantities simultaneously ...through 51 removable 


panels of etched, transistorized circuitry. 


This is only one example of AUToNetics’ far-reaching 
electro-mechanical technology. There are hundreds of 


other areas of equally advanced opportunity in missile 


— 


guidance, flight control, fire control and special 
automatic controls. Among your tools are the latest 
data processing equipment, plus modern and complete 
environmental and flight test facilities. AUTONETICS’ 
scientific leadership is setting the pace in this field 
with its unique 10-year backlog of know-how 


OPPORTUNITIES FOR: 
Computer Specialists 
Electro-Mechanical Designers 
Environmental Test Engineers 
Electronic Component Evaluators 
Instrumentation Engineers 
Fire Control Systems Engineers 
Flight Control Systems Engineers 
Electronics Research Specialists 
Computer Programmers 
Computer Application Engineers 
Automatic Controls Engineers 
Electronic Engineering Writers 
Inertial Instrument Development Engineers 
Preliminary Analysis and Design Engineers 
Also Openings for Draftsmen and Technicians 


Contact: Mr. R. C. Smith, AUronetics Engineering Personnel Office, 
Dept. 991-20 Con, P. O. Dox AN, Bellflower Calif 


Autonetics (4; 


RICAN AY 


AUTOMATIC CONTROLS MAN HAS NEVER BUILT BEFORE 
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GLENNITE® C-21 SUBMINIATURE CONNECTORS AND CABLES 


Bot ac 


Gulton Industries’ Research- 
on-the-Production-Line 
makes possible instant toail- 
oring of basic moterials, 
instruments or complete sys- 
tems to fill difficult or unusual 
requirements 


40,000 


THE PROBLEM: Sensitive instruments in today’s mis- 
siles and aircraft are constantly being made smaller 
and smaller to conform to exacting space require- 
ments. To carry back the vital information sensed by 
these instruments, a completely unique type of 
connector and cable was required ........ extra 
ruggedness, superior shock and vibration characteris- 
tics had to be combined with minimum size and weight. 
Nothing with all the necessary qualities existed! 


THE SOLUTION: Gulton engineers concentrated 
their unconventional approach and long years of 
experience in shock and vibration research on answer- 
ing this problem ...the result: new subminiature 
GLENNITE C-21 Connectors and Cables. 


Actual Site Qa 


wilbratiorns...- 


Only ¥, the size and weight of comparable AN 
types (.565” O. D.—1” length), 
Connectors have a revolutionary, internal cable clamp, 
special free-floating pins and provision for cable 
coiling that prevent transmission of shock to the con 
nector housing ...C-21 Units withstand up to 25 Ibs 
cable tension without effect! And positive keying 
and polarization prevent incorrect assembly, even If 
key is damaged 
selection of styles and pin arrangements 
has a matching C-21 Cable 


advance-design C-21 


they are available in a wide 


each type 


For complete technical information on GLENNITE Con 
nectors and Cables or Gulton Industries’ Electronic Sys 
tems, write for Catalog § 90! today! 


G U LT © Ay MFG. CORP. 


associated with GULTON 
PIONEERS IN MATERIALS RESEARCH, ELECTRONIC COMPONENTS, 


INDUSTRIES, INC. Metuchen, New Jersey 


PRECISION 
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AIRCRAFT 


INDUSTRY 
[-] Wind Tunnels 
[ | Dynamometers 
[-] Accessory Testing 


AUTOMOTIVE 
INDUSTRY 
[] Conveyors 
[|] Machine Tools 
| | Presses 
| | Dynamometers 


CALCINED 
PRODUCTS 


Conveyors 


CHEMICALS 


FOOD 
PROCESSING 
[] Mixers 


[] Dryers 
[| Conveyors 


["] Mills 


GRAPHIC ARTS 


[_] Main Presses 
[] Press Auxiliaries 
| | Winders 

["] Slitters 


MATERIALS 
HANDLING 


Conveyors 


Cranes 


C) 
CJ 
[ ] Shovels 
CJ 


Lift Trucks 


MINING 


["] Conveyors 
[] Hoists 


[_] Mills 


————— 
YNAMATI( 


METAL 
WORKING 


] Rolling Mills 


Presses 
Winders 
Slitters 
Loop Cars 


PULP 
AND PAPER 


[|] Paper Machines 


LJ 
‘= 
LJ 
LJ 


Auxiliary Helpers 
Converting Machines 
Finishing Machines 


Pulp Processing Machines 


RUBBER 
AND PLASTICS 


Extruders 
Plasticizers 
Calenders 


Winders 


Eddy-Current Equipment 
Can Be the Solution 


Using standard AC lines as a power source, Dynamatic torque 


transmitting equipment satisfies most stepless adjustable speed 


requirements, 


Drives, Couplings, Brakes, and Dynamometers with electronic 
or magnetic amplifier control provide the advantages of rapid 


response, wide speed range, quiet operation, low power losses, 


Dynamatic 


Ajusto-Spede" 


low maintenance cost, and remote control. 


= BATE 


CONTROL 


and Dynaspede® 





ENGINEERING 


DYNAMATIC DIVISION 


MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE . 


TESTING 


[_] Engines 

[_] Pumps 

[_] Motors 

[_] Auxiliaries 
[_] Wind Tunnels 


TEXTILES 
C] Winders 
{_] Slashers 


[] Dryers 
[| Batchers 


UTILITIES 
[] Fans 
[] Boiler Feed Pumps 
[_] Feeders 


netane CURRENT 
ATING 1QUIP Men, 


Send for your free copy of the 
Dynamatic Bulletin GB-2, which 
illustrates and describes eddy- 
current adjustable speed rotating 
equipment. 





KENOSHA, WISCONSIN 





Subminiature 
door interlock 
switch 


c 


+++ THEIR USE IS A PRINCIPLE OF GOOD DESIGN 


Completely sealed 
cylindrical switch 
(Series EN") 


"Electrical memory” 
toggle switch 


> 


Canoe 


— 


2 aed 


D High-capacity, 
low-cost appliance switch 


A continuous flow of 


Precision Switch Developments 





anticipates Your design needs 


MICRO precision switches are devel- 
oped and built to meet specific re- 
quirements. Some designs call for 
the utmost precision, plus reliability. 
Other designs put long life and ex- 
treme reliability at the top of the 
list. Some must have all of these and 
more. Whatever YOUR requirement 
may be, MICRO SWITCH has a switch 
readily available or can work with 
you in its development. 


Here are a few recent MICRO SWITCH 
developments to meet specific needs: 


A The subminiature door interlock 
switch is for use where an extremely 
small assembly is desired to provide 
automatic cut-off of the power circuit 
when a cabinet door is opened. This 
switch assembly has found ex- 
tremely valuable on radio, radar, x-ray 
and other hazardous equipment where 
it is desirable to provide automatic pro- 
tection to operating personnel. (Ask for 
Data Sheet P108). 


been 


B The micro switcu “tn” Series switches 
are capable of reliable, long-life perform- 
ance under extreme environmental and 
mechanical conditions. They are com- 
pletely sealed, cylindrical in shape and 
can be mounted wherever a through 
hole can be provided. Variations of the 


“EN” are capable of actuation by almost 
any means right hand 
(Send for Data Sheet 105). 


see column 


C This is the first of a new series of 
“electrical memory toggle 
being introduced by MICRO 
They offer a completely 
in switching remotely controlled 
cuits. They 
circuit designs of radar units, 
ers, 


switches 
SWITCH 
new concept 
cir 
promise to simplify basi 
comput 
aircraft control panels and similar 
devices. The 
a pilot light or buzzer 
was last actuated. 
109). 


which circuit 


D micro switch now offers 
of low enc 
especially designed for use on domestic 
appliances. In addition to their small 
size and high electrical capacity, 
switches are ruggedly 

hard service. They are 
able for use with 
(Send for Data 


a new series 


cost plastic ased switches 


these 
for 
readily adapt 
auxiliary actuators 
Sheet 106 


constructed 





switch indicates through | 


See the unusual design 
flexibility of the new 
MICRO Series "EN" switches 


| 
Pt 


Spring return adjustable 
actuotor for cam or slide 
actuation 


Roller plunger actyu- 
ator for actuation by 
came and slides 


Positive drive 
adjustable ac- 
tuater for link. 
age operation 





Plunger actuator for 


| in-line motion oper- 


] 
| ation 


(Send for Data Sheet 





MICRO SWITCH Engineering service is available at nearby branch offices. 
A call can save you time and money. 


MICRO Switch 


A DIVISION OF MINWEAPOLIS-HONEYWELL REGULATOR COMPANY 


in Conoda, Leaside, Toronto 17, Ontario 


} 
FREEPORT, 1LLINOGIS (= Hi 
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Analysis and design techniques for treating random effects in control systems is the special sub- 
ject of a new book. MIT’s Laning and Battin give you practical help for securing op- 
timum system design in their RANDOM PROCESSES IN AUTOMATIC CONTROL. 
The 429-page book covers each potential source of inaccuracy—shows how to deter- 
mine its contribution to over-all system performance both systematically and quanti- 
tatively. $10.00* 


Helping you gain a sound working knowledge of the mathematical techniques of analyzing dy- 
namic forces in machines is DYNAMICS OF MACHINERY. By James B. Hartman, 
of Lehigh U., it shows how vector notation may be applied in extending two-dimen- 
sional kinematics and dynamics to three dimensions. Its 429 pages include widely- 
used practices in designing automatic control systems and servomechanisms. $7.50* 


Why has much electronic equipment furnished to our ground forces proved unreliable in service 
-has even deteriorated in storage? This book, reflecting Rome Air Development 
Center studies, shows why—and outlined methods of overcoming the problem. All 
factors, including electrical, mechanical, environmental, and human, are considered. 
RELIABILITY FACTORS FOR GROUND ELECTRONIC EQUIPMENT, 280 pages. 
Editor-in-Chief, Keith Henney. $7.50* 


A clear, basic book in industrial electronics is now available in an up-to-date second edition 
of Chute’s ELECTRONICS IN INDUSTRY. Over 400 pages supply a complete, non- 
technical description of industrial electronic circuits and equipment. Information on 
transistors, magnetic amplifiers, strain gages, tube characteristics, and circuit cal- 
culations is included—also an introduction to servomechanisms and the field of auto- 
mation. $7.50* 


How a typical large electronic calculator works and the problems it solves is made clear in 
FASTER, FASTER, 156 pages. By W. J. Eckert and Rebecca Jones of Columbia U., it 
deals with IBM’s NORC—plainly discusses components, programming, maintenance, 
etc., of machines being widely used in business, science, and engineering. Indicates 
uses in factory and office automation programs. $3.75* 


REACTOR SHIELDING DESIGN MANUAL is the newest volume in the Atomic Energy Com- 
mission series published by McGraw-Hill. More than 20 specialists have contributed. 
Shielding methods proved workable in naval reactors and a large reactor for utility 
power generation are presented in 481 pages. The book takes into account the influence 
of plant layout, structure, and maintenance upon design. Theodore Rockwell! III, Di- 
vision of Reactor Development, USAEC, Editor. $6.00* 

* FREE EXAMINATION. You may see any or all of 


y 
approval, so that you can determine exactly 





) tl 
how th 


ey meet 
needs. Just send the convenient form below. No obligat 
merely agree to send your remittance or return the 


THE MIGHTY FORCE i examination 
OF RESEARCH Mail this READERS’ EXAMINATION SERVICE FORM 


McGraw-Hill Book Company, Inc., Dept. CON-8 


How worthwhile is the $4,000,000,000-a- $27 West 41st St. New York 36, N. ¥ 


year expenditure for research? Here's a 
penetrating survey of research—its ob- send me the book (8) checked below, for 10 days’ examinat 
| eating ‘ a lta . 2 : n 10 days will pay for book (s) I keep, plus few cents f 
jectives, its men, its methods that is of and return unwanted book (8) postpaid (We pay delivery 
concern to every person engaged in any is sent with this form 

aspect of this field. 


same eXamination and return privile 


]} Laning & Battin Random Process« PRINT) 
Skilled Fortune magazine science edi- Ae Cee, Ven" 
tors carried out the study. Here they give i prunen Dynamics of Machit 
the answers—who is doing scientific re- iene 

search—who pays for it—how it is car- fe I eng ee fatty 
ried out and how it is laying the ground- rrount 2h quip 0 

work for new ways of living, new indus- | Caute—siectronics in Industry 
trial techniques, and new business oppor- ] Eckert & Jones—Faster, Faster 
tunities. The Mighty Force of Rese arch, 1 Rockwell—Reactor Shielding 
$4.00" Manual, $6.00 

Fortune—The ! 

search, $4.00 
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waroone ii je 6=XCOMPRESSION 
% END SEALS 
—are practically indestructible! 


E-I Compression End Seals are the most effective cals 


available today for tubular component Specially devel 
oped by E-I to exceed every requirement ol the most 


critical modern application, they afford the highest degree 
of immunity to shock and vibration, violent change in 
pressure,temperature and humidity yet attained. Year 
of rigorous application experience prove this fact 

High performance E-I Compression Type Termination 
are also available in multiple heade1 ngle lead terminal 


and plug-in connectors. Volume production and a tre 


mendous range of standard > 
types offer two-way cconomy ( 
: : ssible ‘ 
that makes it possible to spe . . 


cify the extra dependability 


SPECIAL APPLICATION AND CUSTOM SEALS afforded by E-I terminations  ,JWREADED | BEVELED 
CRYSTAL AND SUB-MINIATURE CLOSURES at no exten cost tND SEALS” END SEALS 
DIODE AND TRANSISTOR CLOSURES 


PLUG-IN CONNECTORS 


MULTI-LEAD HEADERS 
SINGLE LEAD TERMINALS ELECTRICAL INDUSTRIES 


i” 44 SUMMER AVENUE, NEWARK 4. NEW JERSEY 
a 


*PATENT PENDING 
All RIGHTS RESERVED 
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Which one of 
these Genisco 
Accelerometers 
meets your 
guidance system 
requirements? 


A 
\Y 
00 @ v 


Now in large scale production 


Genisco Accelerometers are potentiometer- 
type instruments, Unique design features, 
plus unusual skill in potentiometer manu- 
facture, result in extremely low noise levels. 
Several instruments are now in use on mis- 
siles in large scale production. 


Your particular requirements will receive 
careful attention, Write today, outlining 
your needs, Genisco Incorporated, 2233 
Federal Avenue, Los Angeles 64, California 
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Model GMO—A small, jugged 
instrument with relatively 
natural frequency. +26 to 
+ 30G ranges 


Model GLH — Thousands pro- 
duced. Magnetically damped. 
Excellent dynamic character- 
istics over MIL temperature 
range. +26 to + ranges. 


Model GOH — Heated-oil damp- 
ing. A rugged instrument 
useful in severe vibrational 
environments. + 1G to +36 
ranges. 


Model GLO—Like Model GLH, in 
aircraft case Coging and dual 
output available. Ranges as 
low as + 4G. Can supply oll- 
filled case for low vibration 
excitation. 


Model GMH — Small, heated-oll 
damping. High natural fre- 
quency. Excel ent performance 
in severe vibrational environ- 
ments. +1G to +306 ranges. 


', v ANS | 
ch uK y ‘ a 4.’ 


-- 
| ‘ 


RELIABILITY FIRST 





INTRODUCING 


the first combined 


GENERAL PURPOSE DIGITAL COMPUTE 


ultimate versatility The general | urpost digital computer olve 
peed | dl 
technical easier programming makes the digital diflere 
problems. Ne a superior choice for solving differential equ 
now combines the advantages of both in the 


in solving complex and engineering proble ms with 


Computer and its optional DDA acce 

together, and supported by a full compleme 
output equipment, these units provide the b, 
solution, And the rental or purchase cost is { 


of most general purpose computers al 


1 new brochure tells the details of the 
for conserving your scarce enginecring 7 


send you da copy 


DIVISION OF BENDIX AVIATION CORPORATION 


$630 ARBOR VITAE 
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Because there is no substitute for reliability, 


it is no surprise that engineers,with heavier than ever work loads, are insisting 
on utmost reliability in Analog Computers 


And it is no surprise, either, that they are constantly turning to PACE to get it 
For emphasis on Progressive Engineering has made it possible for Electronic 
Associates to insure complete reliability in PACE Analog Computers 


An example of what we meon is the outstanding dynamic performance of the 
new Servo Multiplier, Series 16-75 which extends the whole present concept of 
servo multiplication 


This new Servo Multiplier is a 400 cycle unit designed for the extreme problem, 
where the supreme in speed is the only answer. It offers an acceleration and 
velocity widely surpassing all others. And its high static nulling accuracy permits 
its use in all standard operational circuits 


We will gladly furnish information on this new Servo Multiplier, Series 16-75 
on EAI’s PACE Computer Systems —and on the rental of time and equipment at 
EAI’s Computation Center in Princeton, N. J. Write Dept. CE-8, Electronic Asso 
ciates, Inc., Long Branch, N. J 








ELECTRONIC 


ASSOCJATES EAISETS THE PIiAI|CI;/iE 


PRECISION ANALOG OMPUTINGEEQUIPMENT! 


LONG BRANCH, NEW JERSEY 
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INDUSTRY’S PULSE 


How Russia Updated 
Its Control Equipment 


In a recent letter from Europe, engineer Mel Fusfeld gave his 
impressions of Soviet control engineers and their equipment 
Once more—see April’s Pulse, page 55—his comments are livel 
and perceptive. Below are some excerpts 

“In wandering over Europe I have accumulated scraps and 
chunks of information about the state of instrumentation and 
control in Russia. While the picture I get in total is far from 
definitive—this would require a more complete knowledge of the 
Russian economy on my part—it does represent a sketch of 
one sliver of their technology in which I have some background 

“Vienna is but a hop, skip, and a jump from the Iron Curtain, 
both in time and geography. But a few months ago this city 
and a substantial part of Austria were under Russian occupa 
tion. Hence most of the engineers | met in Vienna had worked 
under Russian direction; some were even Russian-trained 

“The Austrian engineers pointed out that in the field of con 
trol, just as in so many other fields, Russia undertook to clos 
the tremendous technological gap which existed by outright 
copying. Foxboro valves, ‘Taylor controllers, Fischer & Porter 
rotameters, for instance, all were manufactured in the US.S.R 
on a carbon-copy basis 

“An eye-witness to this ‘design’ procedure describes it: ‘when 
need for a new instrument arose, they would promptly procure 
a brand new catalog from each American firm in the field 
\ conference resulted in the selection of the most satistactor, 
unit for their needs. ‘Then a designer-draftsman team would 
tear in and duplicate the instrument down to the last washer 
Generally, no attempt was made to incorporate the better 
features of several instruments in one design.’ 

“Now some may remark that imitation is the sincerest form of 
flattery; that if you rely on copying you are always one step 
behind the fellow from whom you copy. Quite true. But 
the fact remains that this technique has enabled the Russians 
to duplicate the products of a quarter of a century of research 
and development in a handful of years. Indeed, their approach 
quickly brought them to the level where they could start worry 
ing about the same problems plaguing their American counter 
parts 

“There was a time when Russian workmanship was ‘just good 
enough’. But, at least in industrial instrumentation, this time 


Vienna engineers 
saw the “evolution” 


Down to the 
last washer 
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THE AD THAT WANTED TO BE AN EYE-CHART 


There once was an ad which thought the very best way to attract attention was to have a headline 
that was bigger and bolder and blacker than all the rest. So it took the biggest letters 
it could find and said: CURDS AND WHEY. But lo and behold, when the advertisement appeared 
the letters were so unusually large that some were cut off and all that remained was HEY 
This, of course, made the ad very sad; but much to its surprise certain willful engineer 
reasoning that HEY was derivative of WHEY, wrote in asking for gallons and gallons of the stuff 


MORAL: Where there's a will there's a Whey and with smalier type CURD do bette 


In the interests of greater adsmanship, this advertising parable is provided as a public service 
by the Benson-Lehner Corporation. Benson-Lehner also manufactures machines which proce 


oscillographic and film data. For information re: data reduction, write 


| 
"= benson-lehmer corporation 


11930 Olympic Boulevard, Los Angeles 64, California 


OFFICES: LOS ANGELES, BALTIMORE, KANSAS CITY, SUMMIT, N.J., WASHINGTON, D.C., LONDON, OTTAWA, PARIS 


For a permanent file of this series write to Benson-Lehner, Dept. X, for your Adsmanship Handbook folder 
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has passed. The workmanship in all the instruments which I saw 
was excellent. Surfaces were properly finished, wiring was neat, 
and the product was ‘clean’. 

“Regarding training, the Austrian engineers felt that Russian 
instrument men tended to go to extremes: either all theory and 
no practice, or vice versa. My instant reaction was that this is 


hardly confined to Russia. I have seen many a Western F 
' Russia. I have seen many a Western Euro All theory and 


ean engineer who wished to demonstrate a piece of e yme . 
g ed to demonstrate a piece of equipment no practice 


call on a technician to throw the switch 

“A few weeks later, in Milan to deliver a paper at the Inter 
national Automation Congress, | had an opportunity to do 
some face-to-face talking with Russian engineers. As luck would 
have it, the Russian delegation was staying at my hotel. But 
they stuck fairly close together while dining and in the lobby 
more because of a strange language and city, than for any other 
reason. I was determined to get into conversation with one of 
them somehow, and, finally (through a maneuver involving a 
baby monkey borrowed from a friend) I succeeded 

“My Russian friend Mike, as I shall call him, was an alert 
and thoroughly competent engineer in his late thirties, dressed 
like hundreds of other European engineers whom I had met. W« 
sat down over the first of what were to be many cups of espresso 
After first disposing of the standard international topics which 
always arise when two engineers get together: Italian automo 
biles (well formed) and Italian women (ditto), we got down to 
talking shop (we plan to publish Mel’s impressions of this talk 
the latter part, that is—in a future issue—Ed.) . 


“A week later I visited the Russian exhibit at the Milan Fair A Philadelphia 


and was fortunate enough to find about a half-dozen electronic 
recorders and controllers on view. The instruments were all 
basically L&N in design (even the new 4-size recorder) , but now 


prototype 


with some important changes. The large recorder, for instance, 
used what appeared to be a Brown amplifier and chopper. Also, 
redesign had taken place, partly to suit the L&N design to 
Russian manufacturing techniques, partly to imcorporate im 
provements. True, the larger recorder was still a one-second-for 
full-scale-pen-movement, 0.5 percent error device, but it appeared 
good enough to compete on the American market.” 


Here’s how one 
of the Russian 
exhibits looked 
at the Milan Fair. 
For a close-up, 
turn the page. 
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Missile and aircraft speeds 
approaching the thermal barrier 
have triggered a whole new 

field of precision potentiometer 
research and development at 
Fairchild. High temperature 
lubricants, insulations, solders, 
rhodium-plated parts, special 
all-welded construction techniques 
—all these have been designed, 
tested and incorporated into a 
complete line of high temperature 
units to give you precision 
potentiometers that will function 
accurately and reliably under 
“hot-speed” conditions. 


HIGH-TEMPERATU SN 
POTENTIOMETERS / 
for barrier-breaking speeds 


Fairchild announces the first complete line of high temperature precision P 


No 
er ad 


S 
‘S) 
4 
potentiometers — tested and proven for reliability of performance of 
under rigid requirements laid down for all Fairchild products. Two general 
categories of potentiometers are available: 
FilmPots (Nobl-Ohm metallic film element) and Wirewound units. 

FILMPOTS — Operate at 150°C, 175°C and 225°C. 

WIREWOUND — To 150°C, single turn and multi-turn types. 


A new line of Pressure Transducers which meets all military requirements for humidity, 
shock, and other environmental conditions, is also available. 


Fairchild components research, implemented by critical production techniques 

and severe testing programs, is continuing to develop units for even higher 
temperatures and can offer constructive cooperation in guided missile and aircraft 
control programs. For data sheets, or for assistance on specific problems, write to 
Fairchild Controls Corporation, Components Division, Dept. 140-72C. 


EAST COAST WEST COAST 


225 Park Avenue 6111 E. Washington Bivd. 
Hicksville, L. 1, N.Y. Los Angeles, Cal. 


Visit us at Booths 1206-1207 


reno —fAIRGHILD 


PRECISION POTENTIOMETERS 
and COMPONENTS 
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INDUSTRY'S PULSE... 


A quick view of the Russian electronic indicating and recordings truments at 
Milan indicated a striking resemblance to contemporary Leeds & Northrup design 
However, a close-up—particularly inside the case—proved that th ec no mere 


tail 


carbon copies. Inside the case the similarity to L&N came through in small de 


such as the chart drive release and general heavy construction of the instrument 


castings. 


A compact recorder which bears striking resemblance to L&N’s new |-size Specdomax I 

















A full-sized electronic recorder that strongly suggests the L&N Speedomax G 
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EXAMPLES 

Gray 1101011010 
Binary 100108100 
Decimal 620 
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BURROUGHS CORP. @ ELECTRONIC INSTRUMENTS DIV. 
Department A © 1209 Vine Street @ Philadelphia 7, Penna. 
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solving logical problems 
with Burroughs 


pulse control systems 


converting Gray code to 
binary equivalents 


Here is a simple method for converting Gray code to true binary 
equivalents. It was put into operation in minutes just by inter- 
connecting Burroughs Pulse Control Units in accordance with the 
engineer's block diagram, without detailed specifications or com- 
plicated circuit designs. With pulse control equipment at his 
disposal, the engineer was able to turn immediately to other 
important problems awaiting his attention. 


The majority of engineers solving logical problems are badly in 
need of such tools. Most are bogged down by equipment of limited 
use that must be redesigned and rebuilt for every new project... . 
that clutters the path to a working solution instead of clearing 
and shortening it. 


The smallest discrete units with which such a man can work are 
logical concepts . . . the basic logical operations. The ideal tools 
for him are these same operations, packaged for convenient and 
immediate use by simple interconnections—like the blocks in his 
block diagram. Such tools are Burroughs Pulse Control Units, 
which bring block diagrams to life in a matter of hours rather 
than weeks. Wherever logical problems are being solved with 
pulses they have earned the title ‘Tools For Engineers’ by 
eliminating intermediate steps to a proof, obsoleting the frustra- 
tions and complexities of breadboarding 


Why not lift the burden of proof from your shoulders by passing 
pulse problems on to us? We'll gladly show you how Burroughs 
Pulse Control Units can bring your logical problems closer to a 
neat working solution . . . at no cost. Or, write for Bulletin 236. 
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Technical Meetings Must Improve 


echnical meetings conducted by engineering socictics serve to periodi 
cally communicate and establish a record. At these mectings engineers and 
scientists disclose their innovations in theory, technique, and product —and 
thus stake their claim as originators 

Past society meetings adequately served the engineer familiar with his 
field. But today’s rapidly emerging new technologic uch as nuclear energy 
id automatic control, underscore the need for a function much more basi 
than an annual updating of what fellow engineers are doing. ‘The control en 
gineer, usually a “recruit” from a more venerable branch of engineering, seeks 
specifics, such as on the capabilities of available hardware. And by attending a 
meeting he also hopes to get an education in the engineering methods for in 
tegrating the hardware into complete systems without lengthy cut-and-try 

The great need for education in control has spawned meetings and con 
ferences all over the world. A story on page 21 of this issue describes two: a 
eminar on automation for production engineers at Pennsylvamia State Uni 
versity, and an international exhibit of measuring tools in London, News items 
in previous issues told of others: spring sessions in Milan (Italy), Cambridge 
(England), and Princeton University. And still the conclaves come: Engineers 
can go to Los Angeles this August for meetings on telemetering, computing, 
and electronic hardware. ‘They can cross the Atlantic to Heidelberg (Germany 
for rigorous sessions on the mathematics of control systems engineering. And 
they can top off the summer in New York in late September at ISA's Inter 
national Meeting in the Coliseum 

Do these meetings give the control engineer the “how to” he needs? 
They are beginning to, but there can be vast improvements, such as 
>» more clinics on specific types of equipment 
> demonstrations accompanied by “chalktalks’” on fundamentals, such as 
Ludeke’s introductory session on nonlinear phenomena at the IRD (ASME 
Princeton conference last March 
» conferences based on papers distributed well in advance and involving 
discussion by small groups of engineers led by experts in the subject: 

It is up to the control engineer who secks basic and specific information 
to push for the improvements. The structure of the founding societies en 


courages such changes—but developing them is up to the membership, 


THE EDITORS 
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OTHER -hp- QUALITY VOLTMETERS 


-hp- 400AB, for general a 
measurements. Covers 10 cps 
to 600 KC, 0.3 my to 300 v 
Accuracy = 2%, 20 cps to 100 
KC. 10 megohm input imped 
ance plus 25 wef shunt insures 
circuits under test against dis 
turbance. Readings direct in 
volts or dbm. $200.00 


-hp- 400D, highest quality, 
wide range, maximum useful 
ness. Covers 10 cps to 4 MC, 
0.1 mv to 300 v. New amplifier 
circuit provides 56 db of feed 
back, (mid-range) for ultimate 
stability. 10 megohm input im 
pedance prevents disturbing 
circuits. Sealed or long-life elec 
trolytic condensers; rugged, 
trouble-free. $225.00 


-hp- 410B, industry's stand 
ard for vhf-uhf voltage meas 
urements. Wide range 20 cps 
to 700 MC, response flat within 
1 db full range. Diode probe 
places 1.5 weft capacity across 
circuit under test; this plus 10 
megohm input impedance pre 
vents disturbance, Instrument 
combines highest quality ac 
voltmeter with de voltmeter 
(122 megohm input imped 
ance) and ohmmeter covering 
0.2 ohms to 500 megohms 
$245.00 


Funct ons as stable 


New hp- 400H Vacuum Tube Voltmeter combines 
broadest usefulness with wide voltage and frequency 
coverage, and the greatest accuracy ever offered in a 


multi purpose voltmeter 


On line voltages of 103 to 127 v, accuracy is 1% full 


scale, 5O cps to 500 KC: + 2%, 20 cps to 1 MC, 

5%, 10 cps to 4 MC. Readings are direct in db or volts 
on 5” mirror scale meter; 12 ranges cover 0.1 mv to 300 
v. High 10 megohm input resistance minimizes loading 
to circuits under test. Stabilized amplifier-rectifier with 
feedback loop gives high long-term stability; line volt- 
age changes as great as +- 10% cause negligible varia- 
tion. Overvoltage protection is 600 v on all ranges. High- 
est quality, rugged construction throughout. $325.00 


CALL YOUR -hp- REPRESENTATIVE 
FOR COMPLETE DETAILS 


HEWLETT-PACKARD COMPANY 


3691H PAGE MILL ROAD + PALO ALTO, CALIFORNIA, U.S.A. 
CABLE “HEWPACK" * DAvenport 5-445! 
Field Engineers in all Principal Areas 


Data subject to chanee without notice. Price 


U, Quality, value, complete coverage in voltmeters 
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How Your Patent in Control is Processed 


LLOYD E. SLATER, Control Engineering 


On Washington's busy corner of NW 15th 
ind I. Streets sits a massive, columned edifice 
that acts like a huge computer in processing 
the ideas of our land Spread throughout 
the seven stories of this Department of Com 
merce Building are the “blocks” of the 
computer: the “logic elements”, or patent 
examiners; the “‘memory section’’, or 100,000 
volume technical library and seven-million 
copy foreign and domestic patent stacks where 
the examiners do research; the “input and out 
put devices”, or the hundreds of clerks, tech 
nicians, and scores of facilities that are used 
to expedite the flow of patents. Ten years 
ago this patent computer” became over 
burdened by a sudden insurge of post-war 
inventions which doubled its backlog to 


In 1955 the United States Patent Office received 
78,480 applications from prospective inventors. Of 
these at least 3,600 were products or ideas for the 
automatic control loop—roughly 10 new control items 
per day. At the same time, the Office examiners stag- 
gered under a backlog of 221,872 pending applica- 
tions. The inventor had to wait anywhere from six 
months to a year before an examiner even looked 
at his application. And then, if some of his claims 
passed muster—38 out of every 100 applications were 
completely rejected—he might wait three more years 
until the patent came to him. 

Out of this welter of statistics rise some important 
questions from the control-field inventor. Why such 
delays? Is my invention being reviewed fairly in such 
a mass? And what is the Office doing to speed up the 
process? This article answers the questions about how 
your invention is processed by looking at 

1—How It Goes Through the Office 

2—Who the People are Who Handle It 

3—What the Processing Problems Are 

4—How These Problems will be Solved 
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over 200,000 pending applications. The result has been 
a gradual lengthening of the time required to secure a 
patent and a growing distress among inventors—pat- 
ticularly knowledgeable control-field inventors—who 


question the “computer's” its decision 

making capabilities, and how up-to-date its equipment i 
There is only one way to answer the challenger 

visit to the Office to see its process, people, and problem 


access tine 


1. How does it go through the Office? 


A patent application usually starts with your idea 
in the hands of a skilled patent attorney and his 
visit to the Patent Office to use its vast public 
facilities to “search” your claims. But let us assume 
that your lawyer has made the search and is con 
vinced that you “have something”. He prepares 
the application, which includes your detailed draw 
ings, the appropriate government fee (usually $30), 
and your oath of complete originality. What happens 
after this carefully prepared document 1s dropped 
into the corner mailbox? 

Your thick brown envelope joins 14,000 pieces of 
mail, including roughly 300 other new patent ap 
plications, which reach the Office daily. ‘The mail 
room extracts your fee and sends it to Finance, then 
routes your papers to the Application Branch where 
they are checked for formal compliance with patent 
laws (clearly set forth in a 91-page booklet which is 
available, for 25¢, from the U. S. Government Print 
ing Office, Washington 25). ‘The papers then go 
into a permanent folder, a number is assigned, and 
mechanized office creates an official re 
ceipt for you, The machines also click out duplicate 
index cards, one for the subsequent examiner and 
one for a file which will quickly locate your applica 
tion at any stage in its handling. Meanwhile, all your 
drawings are examined for quality by the Drafting 
Branch and any assignments you have made are 
recorded by the Assignment Branch, Next photo 
prints of the drawings are made and all of your 
documents microfilmed. Your application finally is 
classified into one of the 67 Examining Divisions 
and is assigned to a specific examiner who is familiar 
with the technical area. 

When your application gets to an examiner's desk 
it faces a wait of anywhere from six months to a year 
before he can look at it. But when he does reach it 
on his docket, it becomes his sole and dedicated pre 
occupation, He studies your complete application, 
then scans its claims and makes a tedious search 
through both past patents (U. S. and foreign) 
and literature for possible identical or similar in 
ventions. If none exists your attorney may receive 

letter, called an “Office Action”, which happily 
advises that “all claims are allowed”. ‘This, however, 
is as rare as the dodo. More often the examine 
may find that none of your claims defines an in 
vention over the prior art and 
letter goes to your attorney. 

Usually, however, the examiner finds only some 


routing 


much less happy 
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of your claims unpatentable and the letter to your 
attorney carefully details all the earlier patents and 
publications which prove this. 


If you accept these 
findings and file an 


amendment canceling the 
invalid claims, your patent will probably be issued 
immediately. But quite often your lawyer, after 
carefully studying the action, might suggest amend 
ments that attempt to reclaim some of your original 
objectives. You must file 
later than six months after 
your application is, 


You 


CXdaMiner, 


these amendments no 
any Office Action o1 
by law, abandoned 
application goes back to the 
who again must place it in his docket 
and handle it in its regular turn, which may be a 
year later Another search is usually necessary to 
verify your new claims. Once again a letter will 
elements of the 


amended 


go out, rejecting some amended 
application. If 
give-and-take can 


years until the 


a compromise is not reached, thi 
and often does—go on over a few 
examiner finds all of your claim 


allowable, or finally rejects your application 
Persistence Will Sometimes Out 


Your attorney may visit the office at any time 
and try to persuade the examiner to change his mind, 
though he often has his own changed instead. How 
ever, when the examiner is adamant in his position 
your lawyer, by paying a $25 fee, can request a 
hearing before the Board of Appeals—a 
within the Patent Office. 

Ihe Board of Appeals is an interesting appellat 
body. It consists of the Commissioner of Patent 
the Assistant Commissioners and ning 
in-Chief, all appointed by the President and con 
firmed by the Senate. In addition the 
sioner may primary examiners 01 
persons of higher grade to serve 
board members for periods not exceeding six month: 
\t the present time there are ten such acting mem 


bers. ‘The board sits in panels of three in deciding 


court 


Ixaminers 


Commis 
designate other 


is temporary acting 


appeals and two three-man panels are on duty on 
hearing days—one skilled in chemical subjects, the 
other in electrical technology 
Panel make-up is constantly shuffled to secure a 
uniform action throughout the group. The record 
of the Board appealed from its decisions 
to the courts is very good—only about 20 


mechanical and 


cases 
percent 
of its decisions so appealed are reversed by the higher 
courts. The volume of work received by the Board 
is very great and is on the increase. Because of 





THE PATENT OFFICE: a look at us facilities 


steesenge 
sees 


eeeea 


Your attorney first “searches” the Your application speeds into the system Your claims are painstakingly studied by a 
vast public archives of the Office. via tape-actuated machines patent examiner 


p 


> 


‘ ) 
lly, 


a, 


Your “final plea” at the Office may be before its Board of Appeals. Our camera caught an actual proceeding 
General Electric Lawyer Donald M. ‘Timbee (an Office “alumnus’’) argues before (1 to r) J, B. Keely (an inter 
ference examiner); Leo P. McCann (a permanent Board member); C. A, LeRoy (a primary examiner) 


Your patent, printed and with copies ready for sale 
joins others passed that same week 


Your patent, past all hurdles, gets the ofhcial 
seal of the Office 





current backlog an applicant may have to wait as 
long as two years from the time he files his appeal 
until he obtains a decision. 

If you have the finances, your persistent lawyer 
may appeal to still higher authority if the examiners’ 
action 1s affirmed by the Board of Appeals 


He may 
vo befor 


a special court in Washington, D. C., 
called the Court of Customs and Patent Appeals, 
or, finally, press your case in the United States Court 
of Appeals, District of Columbia Circuit. But, as 
indicated above, these higher courts rarely reverse 
a Patent Office decision. Actually, only one out of 
every 450 applications filed at the Office ever reaches 
these higher courts, 

When your application has completely passed 
muster—through either regular examination or appel 
late procedure—your attorney will get a letter advis 


2. Who are the people u 


Scattered in functional groups throughout the 
vast Commerce Building are the 800 men and 
women who form the Patent Examining Operation 
he Operation’s 67 different examining divisions 
cach oriented to a specific mechanical, electrical, o1 
chemical art—are organized into seven examining 


groups, cach under a supervisory examines 


Heading 
up each division, however, is a primary examiner 
who directs an average of cleven assistant examiners 
and is ultimately responsible for issuing the patent 

Your application may describe a new system for 
transmitting force in a hydraulic servomotor, Classi 
fication will reveal the technique fits into ‘IT’. I 
Murphy's Examining Group VI and can be spec { 
ically handled by R. HI 28, which 
specializes in hydraulics. Brauner will then assign 
it to one of his assistants, who will become its prime 
mover through the Office 

Invariably, the assistant examiner who handles 
your application will be a college graduate with a 
degree in engineering or applied science, or a BS 
with a major in chemistry or physics. Most of the 
assistant examiners also have law degrees, usually 
gained at a local university after joining the Office. 
Ihe income of the examiner will vary with his 
experience. He starts with a GS-5 civil service 
rating at $4,480 a year and finds it possible to advance 
to GS-12 and $7,570 in five years. The average 
assistant examiner is an experienced man, around 
40) years old, holding a GS-11 or GS-12 rating 

iixaminer experience is the big factor in expedit 
ing your application 


Brauner’s Div 


Consider the problem: the 
800 examiners face information held in close to 


3 million U.S, patents. Hence a skilled examiner 
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ing that it has been “passed for issue’. A final fec 
of $30 must be paid within six months and then 
the patent will be printed and officially sealed, 
and you will receive a formal grant as its inventor. 

While the patent processing routine described 
omits many of the special deviations that your appli 
cation can take in the Office (i.c., it may become in 
volved in an “interference” action with another 
similar pending application or a patent) it does indi 
cate how time can cascade in its processing And 
it also hints at an elaborate organization, obviously 
well systematized, and staffed by painstaking, almost 
academic people. 

By and large, then, it is the patent examiner who 
figures most strongly in this proce So let us now 
look at this individual—how well he i 
he comes from, and what his burdens ar¢ 


trained, where 


ho handle it? 


hould be familiar with the contents of 10,000 past 


and, believe it or not, he usually 1 

A recent survey made in the Office indicates how 
experience helps 
does not reach full potential in work output until 
he has had eight years at the Office \ new man 
in his first year turns out. only 31 percent a 
as this veteran. Stated another way, salary advance 
included, it costs the Office $107 to dispose of a 


| 
patent application using an mexpericnced man a 


patents 


It reveals that an average examine! 


Thitie hy 


against $62 with an experienced exalnel 

\ personal tour of any examining division prove 
the quality of its peopl is high, their method of 
Almost all th 


eem to be 


working objective and thorough 
examiners—particularly the older on¢ 
fascinated with their job. ‘They enjoy talking 
odd cases, avidly review technica] journals that bea 
on their field, are eager “to get at the next item 
heir attitude toward their mission | ealing 
“While I sympathize with the new inventor, on 
said, “my obligation is to protect the public and 


ibout 


other inventors by finding the ‘flaws’ in his applica 
tion.” 

Unfortunately, the valuable keen 
attitude of the patent examiner also make him 
a proper target for the outside lures of big salar 
and fast advancement. ‘Turnover in the lower grade 
at the Office is high. In 1954, about 12 
of the people in the valuable grades GS-11 and -12 
left—many to become patent attorneys in industry 

But turnover is only one of several problems which 
plague the Office—and which delay the processing 
of your patent in control. Let us no 
some of these problems at more length 


training and 


perce nt 


On ide1 
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HILLEL MARANS 


Primary examiner Marans heads up Div. 42, which 
evaluates, among other things, signaling device 
indicators, and components of electronic computer 
He got his engineering at Cooper Union, worked 
briefly as a draftsman on New York’s Stuyvesant 
tunnel, then took a civil service exam and joimed 
the Office during the first World War (“$1,500 was 
fine pay then”). His interest in control techniques 
was kindled right away: in ‘18 he studied the early 
ystem prototypes for submarine detection and fire 
mtrol, later capped this off by following early 
patents in radar during World War II. He examined 
the first automatic stock market quotation board and 
centralized trafic control systems for railroads. Soft 
poken, dedicated, Marans will complete 38 year: 
in the Office when he retires next Jan. | 


EXCELLENZA L. MORSE 
In 1950 Miss Morse who reall 1 \l G. N 


Westby, the wife of another Office examiner) becam« 
the first woman primary examine! But I’m not 
Te she say Ihere are 25 other women 
examiners who will surely fill posts like mine in 
time k:xcellenza studied physics at MIT and got 
her Master's in 1923. After joming the Office in 
25 she went on to a law degree at nearby George 
Washington U. Her technical forte has been 
vears of specialization on clectromagnetic circuit 
breakers”, although she will admit that this also ha 
taken in many aspects of programmed and auto 
matic machine control. In 1953 she was moved over 
as chief of Div. 61, which includes time controlling 
techniques. Modest and friendly Miss Morse is 
quick to applaud others 


ROBERT A. O'LEARY 


Armed with a fresh chemical engineering degree 
Bob O'Leary joined the Office right from Catholic U 
in 1925. He immediately started law at Georg 
town, getting his degree in °30. Like many other 
examiners, he is a member of the D. C. Bar and ma 
practice before the Supreme Court Articulate Bob 
shows a keen legal mind as well as practical interest in 
his field. Regarding control techniques: “The con 
trol system in the application cannot be a mere idea 
for a desired result—it must be shown applied.” A 
for basic patent Many are years ahead of 
their time, but expire before commercial use In 
1949 Bob was appointed chief of a division and 3 
now head of Div. 30 which covers the vast technical 


waterfront of “temperature and humidity regulation 





3. What are the problems? 


Irom the prospective inventor's standpoint, the 
obvious problem at the Patent Office is the huge 
backlog, which usually anchors his application for 
an average of three-and-one-half years—in 1955 this 
backlog reached an all-time high of 221,872 pend 
ing applications. In reviewing the people who do 
the work, we saw how valuable experience is to the 
examiner in moving this backlog. And how turn 
over among experienced personnel creates a problem 
of constantly staffing with less productive people at 
the Office. 

rom the direct workload standpoint, then, the 
problem boils down to the number and quality of 
people on hand to process your patent—a problem 
that can only be solved at a Federal level in the 
forms of new salary structures, better working facil 
ities, and more appropriations for the Office. 

rom the backlog standpoint, however, th 
problem is compounded by increasing complexity 
in the patent art itself. Each year a growing number 


of patent applications are filed, and all are somehow 
based on technical background reposing in over 

7 million existing U.S. patents. The job of search 
ing this prior art is thus a pyramiding time-consume: 
I'he Office has systematized its approach to th 
search with a Classification Div., which has placed 
all past patents into 307 main classes and over 
50,000 subclasses. ‘This indexing system helps the 
examiner “find” prior art. However each year it 
becomes more necessary to create relatively smalle 
and more clearly defined patent groups to eliminat« 
redundancy and blind alleys in the search 

Ihe table below offers some of the results of a 
survey conducted among examiners who handle con 
trol-held products and gives an idea of the frequency 
of applications in our field alone and some of th 
technical problems these applications creat \] 
included are estimates of the trend to corporate 
“sponsorship” of patents and the frequency of com 
pletely unique inventions 
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RATIO 


AS BETWEEN HOW 


NO. MANY 
PER 5 YRS. 


PRODUCT MONTH AGO? 


CORP. vs 
SELF- REAL 
ASSIGNED 


OFTEN A 


INNOVATION SPECIAL PROBLEMS IN HANDLING 





AUTOMATIC PILOTS yes 
AUTO. WEIGHING SCALES yes 
CALCULATORS & COUNTERS 

ELECTRIC METERS 

MASS SPECTROMETERS 

MEAS. & TEST INSTRUMENTS 

METAL-MACHINING ITEMS 

MOTOR-CONTROL SYSTEMS 

SELF-PROP. FLUID SYSTEMS 

SIGNALS & INDICATORS 

TEMP. & HUMID. CONTROL 


TIME-CONTROL APPARATUS 


rarely applicants should study past patents: they 
often duplicate progress 


every be clear: both the applications and refer 
6 months ences are unusually complicated 

these applications are highly complex; very 
few skilled people to handle them 


la yr. 
at most 
these systems often are hidden as parts of 
more involved and complicated systems 


once in 

20 years 

rarely a narrow field: study past patents carefully 
before making application 


need broad viewpoint: closely related to all 
other arts, require broad search 


once in 
2 years 
complex diagrams involve electric, hydraulic 
circuitry, yet no correlation 


once in 
15 yrs. 


trend to fluid pressure and electronics com 
plicates link to earlier inventions 


once in 
30 yrs. 


once in 
12 yrs. 


diagrams usually poor: need more liberal 
use of arrows, legends to show flow 


electronic computer components make this 
group complex and extremely lively 


once in 
12 yrs. 


steady 
progress 


an extremely wide search needed because 
of the broad claims usually made 


rarely novelty searches are of broad scope, in 
volve many arts, and thus difficult 
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THE PATENT OFFICE: a look at its future 


jOutput tape 
| ' 


i ed 





nput register 























D. D. Andrews, Chief of the Classification Group, 
and an early block-diagram concept of mechanized 
search system. 


1. How will they be solved? 


Today the Patent Office, under Commissioner 
Robert C. Watson, is deep into a dynamic program 
to solve its glaring problem of backlog and its hidden 
problem of creeping technical paralysis 

Ihe direct attack on backlog involves a massive 
iddition of manpower to slash the pile of pending 
applications to 100,000 by 1965. More than 200 
new examiners have been hired since June of °55, and 
the Office plans to recruit several hundred more by 
1958 to build 1,050 
examiners 

Last October Watson official 
review an extremely clear and well-documented report 
on Patent Office Assuming that Congre 
“buys” his program, the near future 
Office ilar 
ind better job opportunities to line it up mor 


a complete roster of about 


developed fo! 


needs 
should ct 
1 general upgrading in tructure 
happily with outside industry These new facilitic 
are also possible a testing and demonstration labora 
tory; training equipment and space; better arrangs 
ments for visitors; a permanent exhibition hall 

control 


roblem solving program 
| prog 


However, the most fascinating—and to a 
engineer, most promising 
at the office has to do with the application of modern 
data processmg 


scare h’ 


techniques to “mechanize the 


In 1950 a preliminary study suggested that patent 
classification might be amenable to digital handling 
\ committee was sect up under Dr. Vannevar Bush 
in 1954 to examine the idea and report its finding 
to the Secretary of Commerce In late 1954 the 


Office, in cooperation with Bureau of Standards 
launched its mechanized search 
this committee’s recommendations. In 1955 six men 
under D. D. Andrews, Classification Chief, and B. E 
Lanham began the actual worl \ year later 
Andrews was able to report a real start in digitally 
classifying 151,000 chemical patents and the forma 
tion of a Research and De velopment unit at the 
Office (“for the first time in it 
he now heads 


roject based on 


1D 
I 


histor which 

Essentially, the mechanized search involves con 
verting all classified past patent information into a 
code that can be fed into and read from a memory 
hhnique Th 


Andrews ha 


tudies 


system by high speed computer te 
code-classifying job is an epic on 
now assigned men to such advanced “basic 


| 


is the development of nonredundant “ruly english 


borrowing heavily from communications theory) 
ind the use of Boolean algebra to expedite command 
oding At the same time, Bureau of Standard 
reseachers are busy testing experimental command 
codes on SE AC 
ters for a functional data processing system 

In May, Andrews proudly announced “An achieve 
We have completely encoded a patent in 


in a study to determine the param 


ment! 
all detail and it is now possible to mechanically 
retrieve any item of information in it in r ponse 
to a search.” 


The historical patent: a gin (liquor 


which bears medicinal extract 
We'll drink a toast (in gin, of course 


future of this project 


to the 








Here's a Way to Measure 


Pneumatic Component Dynamics 


R. P. BIGLIANO 


Engineering Research Laboratory 
E. |. du Pont de Nemours & Co 
Wilmington, Del. 


s frequency response test 


Reguiated alc supplies 
Input signal amplitude 
input signal level 
Calibrated phase shift dial 


Sine. wove generator 


troller 


jer fest 


Although process industries have used pneumati 
control systems for many vears, until recent vea 
the dynamic properties of these systems caused littl 
concern. But the current trends toward chemical 
reactions at high pressures and toward the rapid and 
continuous movement of fluids from on opera 
tion to another within the processes now direct the 
attention of process and control engineers to thi 
control 
tems. Even in batch processes, some of them in 
herently slow, the press toward quantitative control 
system design has made imperative a detailed know! 
edge of the dynamic properties of the contro] com 
ponents. Because much of the data is unavailable 
from manufacturers of this equipment, users have 
had to obtain it independently. Here is how 


dynamics of all components in proces 


TEST EQUIPMENT 


Frequency-response curves, in which magnitude 
ratio and phase-shift are plotted against frequency 
can describe the dynamics of the pneumat m 
ponents. Figure | illustrates a test panel used in 
determining frequency respons¢ It includ 
sources ot variable frequency pneumati vl 

> Mark I generator (Minneapolis-Honey) 
supplies both electric and pneumatic sin 
ranging from 0.0005 cps to 7 cps (see Fig \ 

> Mark II generator: A Hewlett-Packard | 
quency oscillator provides an electric sig 
from 0.01 eps to 1,200 cps. ‘The oscillator dr 
l'aylor electric-to-pneumatic converter to de 
pneumatic signal from 0.01 cps to 50 ep 
2B) for schematic of generator 





THE GIST: Many engineering factors determine why you select a specific com- 
ponent for an automatic control system—reliability, cost, maintenance, manu- 
tacturer service, to name a few. But in recent years one controversial and 
little-understood factor has assumed more and more importance in the selec- 
tion: the factor of product dynamic performance. 

This article, and two which will follow, explain how the dynamics of 
pneumatic instruments are determined at du Pont’s Engineering Research Lab- 
oratory. Data of this nature, the author holds, are essential not only in eval- 
vating the dynamic performance of components, but also in predicting the 
dynamic performance of planned control systems which may consist of many 
components and their interconnecting pneumatic transmission lines. And if 
the control engineer needs to know the dynamic performance of a specific 
existing system, he can use these data to piece together the system's overall 
response from transmitter to control valve. 

The group of articles describes: 

(1) Comprehensive procedures for testing dynamic characteristics of 
pneumatic controllers 

(2) How to derive, and measure the parameters of, the transfer functions 
of pneumatic controllers 

(3) Collected data on the dynamics of controllers, transmitters, transmis- 
sion lines, valve actuators, positioners, and boosters 





l'igure 2 illustrates the frequency response measure 
ment setup for the two combinations. Data reduc 
tion with the Mark I generator makes use of a 
calibrated phase-shift dial that the operator rotates to 
match the phase shift of the tested component 
Reference Lissajous patterns on the oscilloscope give 




















in extremely accurate indication of match, even in 





the presence of considerable signal distortion. With 











the second combination, magnitude ratio and phas« 








data are read from the recordings made by a Sanborn 
Model 60-1300 two-channel recorder 
Sinusoidal signals are not used exclusively. Step 





disturbances can measure controller proportional 


~ 


band by the procedure given in C-2 and controller 














reset by the procedure given in D-2 


biG. 2. Schematics of pneumatic test setups 


\. MK.I Sine Wave Generator. Signal Y» from the input 
pressure transducer is connected to the oscilloscope’s vertical 
plates and the reference signal Xy to the horizontal plates 
They produce an elliptical Lissajous pattern on the oscillo 
scope face. Adjustment of the phase dial to close the 
Lissajous pattern to a line brings the two signals into phas« 
match. ‘The dial reading is recorded. In the same way the 
phase of signal Y, from the output pressure transducer i 
compared with the phase of reference signal X», the dial 
rotated until they match, and the new dial reading recorded 
With due regard to sign, the phase shift through the com 
ponent under test is the difference between the two readings 
MK.II Sine Wave Generator. Magnitude ratio and phas 
shift of the tested component are measured on the recording 
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CONDITIONS OF TEST 


Conditions must be set up so that they will yield 
representative and reproducible test results. Based 
on studies of test conditions, recommendations are: 

1. Signal level: 9 psig at the output of transmit 
ters and controllers with spot checks at 6 and 12 psig 

2. Signal amplitude: Sine wave of plus and minus 
0.5 psi amplitude output of controllers and input to 
transmission lines, 

The pneumatic output signal amplitudes of trans- 
mitters and controllers must stay constant at all fre 
quencies during the test to maintain the output 
dynamic resistance of the component. ‘The input to 
the controller or transmitter is usually of high enough 
pneumatic impedance so that the input circuit ab 
sorbs a minimum of energy. Hence, variations in in 
put signal amplitude have little or no effect on the 
frequency bandwidth of the instrument when the 
amplitude is between plus or minus 0.1 to 2.0 psi. 
But because the output pressure and flow follow 
curves such as those shown in Figure 3, it is evident 
that the average output dynamic resistance varies 
with changes in the output pressure amplitude. 
ligure 3 illustrates typical output pressure-flow curves 


for controllers (curve 1) and unpiloted transmitters 


(curve 2), 


The pressure-flow curves have this practical signi 
hicance 

P They represent the maximum flow the com 
ponent can pass for a given signal change. 

P'I'hey may be nonsymmetrical, as is the one 
(curve 2) for the unpiloted transmitter. ‘This is 
quite important when long transmission lines con 
nect the transmitter to the controller. For then 
the transmitter and its load rectify oscillating signals, 
e. g., for pulsating flow. Consequently the control 


corporate relays. 


Qposit ve flow 
_ —_- 
Wexnoust 


) 
A/ positive flow 





Exhoust «— O——» Positive flow 
(Negotive/ flow 
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ler will receive a signal offset by an amount propor 
tional to the pulsation frequency. 


Discussion 


Ihe test procedures given were set up for thi 
pneumatic controller. ‘They are specialized in that 
they are concerned with determining the controller 
characteristics and with those condition 
affect controller performance. By measuring the 
input and output signals right at the controller, the 
connected transmission lines can be treated as loads 
on the controller. Because the loading effects are 
thus included, the resulting controller frequency 
response curves may be added graphically to transmis 
sion-line frequency-response curves measured in the 
same way. Data on pneumatic transmission lines 
are available from several sources”: *, but they should 
be used with caution because different authors may 
not use similar test conditions. The third article in 
this group will include experimental data on pneuma 
tic transmission lines 

During the course of this work pneumatic dif 
ferential pressure transmitters were tested with ai 
as the signal fluid. The resulting dynamic data per 
tained only to the instrument and its transmitting 


which 


pneumatic relay. When differential pressure trans 
mitters are used in liquid service, the dynamics of 
the manifold from the pipe-line flow orifice to the 
instrument are not negligible, especially when the 


flow pulsates l’urthermore, those dynamics depend 
upon the physical dimensions of the manifold and 
the physical properties of the process fluid. Because 
it is not possible to include all the manifold con 
author 
recommends standardization of transmitter testing 


with air as the process fluid 


figurations and all the process fluids, the 


FIG. 3. Plots of pilot relay flow-vs. 
pressure are nonsymmetrical, ex 
plaining the necessity of maintain 
ing constant signal amplitudes at 
the output of components that in 
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PROCEDURE FOR PNEUMATIC CONTROLLERS 


This section reproduces in full the test procedure for evaluating the 
dynamics of controllers. Sections in the third article will describe test 
modifications for transmitters and valve actuators. ‘The author hopes that 
the sections will guide ultimate standardization of such testing procedure 
in industry 


SYMBOLS NOTES 
Controller me 
Differential pressure transduce ignal is 1 psi peak-to-peak about a nomina lue of 9 psig, unk 
Input Signal Pressure ot! 


Nerwis¢ pecih¢ i 
Output Signal Pressure Output terminates im three ft of 4 in. tubing connected to a 
Input Signal Pressure 1.5 


cu-in, volume unk noted otherwis« 


Peak-to-Peak Sine Wav Input Statham differential 
Signal 
Peak-to-Peak Sine Wave ¢ Jutput ire used for all pi ure measurement 

Signal +. When controller not tested open feedback path i 
Proportional Band through a 300-to-500-cu-in. tank and a 0.01 in, Ormhece cee D-1) 


Set-Point (reference When procedure calls for setting reset at maximum this refer 
Supply to 


| 
Sine-Wave Generator (Pneumatic 


or the frequency response tests th ernating pneumati 


pressure transducers with required backup 
pressul ind a full-scale range of plus or minus 0.5 psi or 2.0 psi 


1 reset dial calibrated in minutes per r Set at minimum if 
ilibrated in repeat: per minute 


A. Evaluation of Controller's Pilot Relay Output Resistance To Air Flow: 


b. Air flow from the lead through the relay to the at 

mosphere. Called negative flow 

Vicasurement Setup lor Positive Flow (See Schematic 

SP directly to the left) 

y onal Rotometer a. Set the reset at maximum minutes per repeat, rate 

(derivative) at minimum minutes, and PB at 100°. 

Sy b. Set SP, I, and O at the same nominal level (9 psig) 

with the needle valve closed. Set O by adjusting zero of 

controller. 


1. Positive flow | 














c. Incremently open needle valve, decreasing P, from 
2. Negative flow nominal level in b, Plot flow through rotameter vs 
pressure P, as in Figure 3, If rotameter is calibrated at 


—— 
“if (A) \/ (A) atmospheric pressure compensate for P 
—_—* 





I ¢ d. Repeat steps a through c inclusive at nominal levels of 
s> 4] 6 and 12 psig and plot positive flow vs, P, on graph 
| described in step « 
“ Measurement Setup for Exhaust (Negative) Flow (Sec 
i) , 
Exhous A matic A-2) 











1. Repeat steps a and b above. Increase P, by opening 
needle valve in incremental steps. Plot flow through 
rotameter as exhaust (negative) flow on Figure 3 vs 
pressure P,, Repeat at nominal levels of 6 and 12 psig 


Iwo conditions to be investigated are 
a. Air flow from the controller to its load (transmission 
line and/or valve). Called positive flow 


B. Evaluation of Controller’s Nozzie and Relay Static Air-Consumption 





Adjust SP, I, and O for 9 psig 
Adjust controller settings as in A-la 
The rotameter reading is the static air consumption 
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C. Calibration of Proportional Band and Rate (Derivative) Dial Settings 











f—) 
L5cusin 


fermino/ 
volume 














i Corner frequency 
y¥ of rate action 








log frequency 


1, PB CALIBRATION: The frequency-response method is 
used to determine the cutoff frequency of the controller 
at various PB settings and for calibration. Schematic C-1 
shows measurement setup. 

a. Adjust pressures as in B-l. Set reset at maximum 
(See item 5 in Notes.) Set rate at minimum minutes. 

b. Run a frequency response test from 0.1 eps to 10 cps 
for 3 PB settings at, above, and below 100%. Do this 
for loads of 3, 50, and 200 ft V4 in, copper tubing 
terminated with a 1.5 cu-in. volume. 

c. Vary the frequency of the input signal and main 
tain the output amplitude (0,,) constant. Record I,, 
and 0,. (both peak-to-peak values) as functions of fre 
quency. Measure phase shift from recorder chart. Plot 


log of magnitude ratio (3 )and phase shift vs. log of 


frequency for each tube length. 


D. Calibration Of Reset Dial Setting 





5 











15 cu in. 
ferming/ 
volume 


aly 


e+ —— 


Oritice 


O-!| 
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d. Repeat steps C-lb and C-lc for SP, I and 0 set at 6 

and 12 psig. Spot check several points on the magnitude 

ratio and phase curves to determine the effects of pres 

sure level. 

Step-Response Method Used For PB Dial Calibration 
(as an alternate method to C-l): Schematic C-l shows 
measurement setup except that I is held at 9 psig 

a. Set dials and pressures as in C-la 

b. Apply a step pressure change (ASP) of 1.0 psi at SP 

c. Record the pressure change AO at the output 

d, The actual PB setting is computed from the following 


equation: 
SP 
PR j x 100 
“ET 


e. Repeat C-2a to C-2d for several PB dial settings. Plot 
PB dial settings vs. actual PB obtained in Step C-2d. 
3. Calibration of Rate (Derivative) Setting: Schematic C-1 

shows measurement setup. 
a. Set reset at maximum (see items 5 in Notes.) 
dial at 200%, 
b. Adjust the pressures as in B-1, Set rate at 0.1 min 
c. Run a frequency response test from 0.01 cps to 10 
cps. Record I,, and O,. as functions of frequency 
Measure phase from recorder chart. 
d. Plot log magnitude-ratio and phase-shift versus log 
frequency as in Figure C-2. The actual rate setting (7 
is computed from that frequency (f4) at which the 
magnitude ratio is 1.41 according to the 


Sect PB 


equation 
O19 
Renan ¥ 6 fa X WO 
where f, is in cps and 7.4 is in minutes. 
e. Repeat the above for several rate dial settings, includ 
ing extremes, and plot a curve of rate dial setting vs. the 
actual rate as computed in C-3d. 
f. If interested in rate gain it can be measured from 
Figure C-2, 

4. Evaluate Interaction (if any) Between PB and Rate Dial 
Setting. Schematic C-1 shows measurement-setup, Experience 
indicates that in practice the effective interaction is negligible 
but here is a method of evaluation: 

a. Set pressures as in B-1. Set reset at maximum (See 
items 5 in Notes.) Set PB dial at 100% and rate dial at 
0.1 min. 

b. Adjust test-signal frequency for a controller magnitude 


ratio (7 ) of 1.4. Record frequency f, necessary. 


c. Change PB to 50% and then to 200%. Readjust test 
signal frequency to f, to maintain (1.4) X 2 magnitude 


ratio for 50% PB and to f, to maintain magnitude 


ratio for 200% PB; f adjustment is interaction 


1. Frequency Response Method: Schematic D-1 shows 
measurement setup. 

a. Set pressures as in B-1 with rate set at minimum 
minutes and PB at 100%. Set reset dial at 0.1 min per 
repeat or 10 repeats per minute. 
b. Run a frequency response test from the lowest 
frequency available (about 0.001 cps) to | cps Record 
I,. and 0,. as functions of frequency 
shift from recorder chart. 
c. Plot log magnitude ratio and phase vs. log frequency. 
Ihe actual reset setting (r,) is determined from the 
frequency (f,) at which the magnitude ratio is 1.41 
according to the equation 


Measure phase 


where f, is in cps and r, is in minutes. 
d, Repeat above for several values of reset settings and 

















63% 
eae 


/nitial output 
step 


output pressure 


~ 
U 








Time, sec 


V2tm* Y60 (PB =100%) 
= reset in minutes /repeot 


plot the reset dial setting versus the a tual reset setting 
as computed in D-le. 

Step Response Method (alternate to 1.1 
shows measurement setup 


Schematic 


a. Set dials and pressures as in D-la 

b. Set PB at exactly 100° as follows 

Apply a 1 psi step change in pressure at SP; adjust 
the PB dial until one-half of the output change on the 
recorder is reset action (see Figure D-3 Actual PB 
value will now be 100% 

c. Shift the zero on the recorder so that the reset action 
occupies most of the chart 

d. Apply a step change in pressur SP 1 psi) and 
compute the actual reset setting from the following 
equation 


where r,, is the time in seconds measured to the 63 per 
cent point on the transient curve 

e. Repeat D-2a to D-2d for several reset-dial settings 
and plot the reset-dial setting versus the actual reert 
setting as computed in D-2d 


E. Evaluation of Interaction (if Any) Between PB and Reset Dial Setting: 


1. Frequency Response Method 


measurement setup. 


Schematic D-1 shows 


a. Set dials and pressures as in D-la 
b. Repeat steps b and c of C-4. Calculate: 


f f. f. f 
raction 100 and oo 
f f 
. 


2. Step Response Method: See schematic D-2 for setup 
a. Set dials and pressures as in D-la 
b. Repeat the procedure of D-2b in order to set PB 
exactly at 50 per cent, by adjusting the PB dial until 


one-third of the output pressure change is reset action; 
then repeat D-2b in order to precisely adjust PB tr 
200 per cent by adjusting the PB dial until two-thirds 
of the output pressure change is reset action 

c. The actual reset setting is calculated from the follow 
ing equations 


where is measured m second i TLL 


F. Step or Frequency Response Method—wWhich to Use 


Frequency response tests determine both the corner fr 
quency and the shape of the reset action as a function of 
frequency. However, in all controllers tested, the observed 
shape follows a rising slope of 6 db per octave with decreasing 
frequency within the limits of the reset gain. Hence, in the 


interest of saving time, the step upset method is recomme nded 
for checking reset-dial settings. The reset corner frequency 
(see Figure G) equals 1/120 » \ standard template (such 
is the one made by Harvard Cooperative Society) for an 


integ 


grator then gives the shape of the frequency respons plot 


G. Interaction Between Rate and Reset —Is It Worth Worrying About? 


reset shift rate time decreased 
/ / 


rey 20 
ae aH ti : 
i Reser iy 
5 EE RT 





log magnitude ratio 





log frequency 


The solid line in Figure G shows the simplified magnitude 
ratio of a proportional plus reset-plus-rate pneumatic con 
troller. From the corner frequencies one can determine the 
rate and reset times. They are functions only of the rate 
and reset-circuit dynamics. Therefore the question of whether 
rate and reset interact is answered by adjusting the dynamics 
of one and determining whether it affects the dynamics of 
the other. Broken lines in the figure show the reset corner 
shift caused by a decrease in the rate time. Although the 
shift is slight, it is interaction. However, actual tests indi 
cate that it normally is less than 59% of the reset setting, and 
therefore hardly worth considering. 

Note also that the magnitude-ratio curve picks up between 


the rate and reset corners when th ipproach one another 
Ihis is not interaction. Nor is it evidence of a change in 
proportional band. It is nothing more than a natural and 
predictable cflect 
l. ‘Test for Rate and Reset Interaction: Schematic C-1 

shows the measurement setup 

a. Set PB at 100 and set pressures as in B.1 

b. Pick as low a value of reset as drift stability of the 

controller allows without feedback Drift is important 

only inasmuch as the output signal might drift during 

several cycles at the test frequen 

( Adjust rate setting according to thi expr 


d Run frequenc response test from O.00] cp to 10 cps 
f ( oOMmpa4e the rie sured freque iL ’ pon © curve with 
that constructed from the folk i” expressions in the 


vicinity of the corner frequenci 
(52) 
phase shift 90 uctan wotan vw here 
Z2rf and f is in cycles/sex 
f. The deviation at the corner frequencie between the 
onstructed and actual curves is a measure of this inter 
action where r, and rq are actual setting 





Use Taps to 
Compensate Pot Loading Errors 


JACK GILBERT, Norden-Ketay Corp., Norden Laboratories Div. 


THE GIST: When a linear potentiometer is resistance loaded, the output 
voltage is no longer a linear function of shaft position. In “Here’s a Short- 
cut in Compensating Pot Loading Errors”, CONTROL ENGINEERING, Feb- 
ruary 1955, the author described a graphical method for locating one tap 
and determining shunt resistor value to reduce loading error by a factor 
ranging from 6 to 9, Figure 1. But if this reduced error still cannot be toler- 
ated, it is necessary to buy a load-compensated function pot or to consider 
using more taps. Winding compensation is unsatisfactory, though, since 
loading errors are still in excess of single-turn potentiometer resolution for 
load ratios below 20 to 1, and, in any event, the cost, delivery, and design 
inflexibility of a function pot make it less attractive than a linear pot with 
taps and shunting resistors. 

Thus, the problem is to reproduce the desired function with a linear pot, 
using a minimum number of taps and resistors consistent with the allowable 
error. The following procedure limits loading error to the best resolution 
of a single-turn pot. Then, with a resolution of 0.025 percent, the maximum 
permissible loading error is about (0.5 percent/load ratio) for a load 
ratio of 20. Four, two, and five tap pots are considered. 


NOMENCLATURE 


= load resistance or load ratio (ratio of load 
resistance to potentiometer resistance) 
, == compensating resistor 
» =tap location of compensating resistor 
= wiper location 
= potentiometer resistance (normalized to 1) 
= input voltage to potentiometer circuit 
» = output voltage 


FIG. 1. Loaded linear pot with one-tap com 
pensation, Values derived from Reference 1. 
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Straight line 
opproxmation 


Per cent loading error ; oc 
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ribed in Kefer 
it can be shown that at least four taps are 
to the best reso 
lution of a single-turn pot, where this resolution i 
Briefly, this i 


Using the graphical methods de 
ence |, 
needed to limit the loading error 
taken as 0.025 percent iccomplished 
in the following manner 
function 


Ihe desired potentiometer output 


given approximately by the relation 
f \ é X¥ + X? (1 \ 
where 
és loading error 
o that the error function can be expressed by 
é: \ | \)/a 2 
Thus, the object of adding compensating shunt 
resistors is to cancel this error function for the com 
plete travel of the potentiometer, within allowabl 
accuracy limits. 
Figure 2 shows an expanded plot of the error 
function. ‘To determine the required number of 
taps, draw approximately straight lines through thi 
plot, such that the maximum difference between 
each straight line and the curve is the desired toler 
ance. The number of straight lines 
approximate the curve and still stay 
required tolerance determin 


required to 
within the 
the number of taps 
and the intersections of the straight linc 
desired tap locations, X,;. Figure 3 shows a typical 
multiple tapped potentiometer and indicate 
clature 

Che values of the shunting resistors are then cal 
culated* by the following approximate relationship 
as derived at the end of the articl 


give the 


POMC 














FIG, 3. Generalized multiple-tap de- 


sign, shown here with four taps 


FIG. 2 Plot of error 
straight-line approximation to determine 
tap locations for four-tap design 


function with 


Lower 


curve shows errors after compensation 


whe Tc 
uljecent tap low 
maximum positive | any ati sight line 
drawn through « 


straight-line slope mijacent taps 


X and \ 
R shunting resistor a taps X, and A 
Lhe graphic il results obtained 1 Figure 2 ( plot 


ot compensated errors how that it is por ible to 


limit the loading errors to 0 percent/a for values 
of X 5 


increased to 0.50 percent/a for the econd half of 


between 0 and 0.55, provided the error is 
the potentiometer travel. For a load ratio of 20, 
these errors range from 50 to 100 percent of poten 
taken 
percent lo imsure a minimum loading 
25 travel, 
mother tap and resistor must be added to the upper 
half of the 
discussed later 


! 


tiometer resolution, where this resolution is 
as 0.02 
error of 0.25 percent/a everywhere in the 


potentiometer. This fivetap design is 


Details of Four-Tap Design 


Ihe optimum tap location in be estimated 
graphically from the plot of the error function in 
Figure 2 as 


Then, the required value the error function «, 
are calculated at the tap he allowabl 
errors are added or subtracted fro 


loading 
n the ilue of the 
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Table | 
SUMMARY OF FINAL DESIGN PARAMETERS 


TAP LOCATION SHUNT RESISTOR VALUES MAXIMUM ERROR, ae 





ONE ‘TAP —a > 10 


R, 0.3114 1.9 percent 





TWO TAPS —a = 20 
R 0.660 0.5 percent 
R 0.66a 





FOUR TAPS 
100 a= 20 
0.1433 , 0.6474 t 0.6534 
0.5333 0.83 1a Ry, = 0.7954 0.25 to 0.50 percent 
0.720 0.261a R; = 0.2614 
0.890 0.0974 R, = 0.0960 





FIVE TAPS —a = 100 
0.125 R 0.603a 0.25 percent 
0.540 Ry, 0.7074 
0.690 Ry 0.2444 
0.810 Ry = O.131a 
0.916 R 0.0724 





NOTE: For other values of a use above values for Ry, as first estimate, then 
calculate the error at tap, and reestimate Ry as shown in Table II 


Table Il 
CHECKING CALCULATIONS FOR FIVE-TAP DESIGN WITH LOAD RATIO OF 100 


FIRST ESTIMATE 


Estimated Difference 
error at tap Error Actual error between 
multiplied by ‘Tap Ordinate Slope at tap, est. and act 
load ratio X afi as, i ; R;/a percent 





0.0020 0.125 0.0117 0.0936 0.125 0.606 0021 +0. 0001 
+0. 0021 0.540 0.1362 0. 3000 0.415 + 0017 +0. 0004 
+0. 0021 0. 690 0.1497 0.0900 : 0.150 0.714 +0. 0019 +0. 0002 
+0.0023 0.810 0. 1260 0.1900 0.120 0 245 +0. 0022 +0. 0001 
+0. 0023 0.916 0.0727 0.5113 0.106 0.1307 +0. 0022 +0. 0001 
1.000 0 8655 0. O84 0.0721 
Note S 0.3000 





REESTIMATE 


Because of excessive differences in error as noted above, add 0.0004 to a/ 0.1362 : 0.540, and 0.0002 

af, 0.1497 at X, 0.690 Run through the calculations again as follow 
0.00°0 0.125 0.0117 0 0036 0. 2074 0.125 0) (027 O02) LO O00} 
+0 OO21 0.540 0.1366 0. 3010 0.415 OO2Z2 0 OOO] 
+0. O02] 0 690 1490 0). ORR7 0.2123 0.150 0. 7005 0022 0 O00! 
+0 OO238 oO 810 0. 1260 0.1917 0) 4927 0.120 0.2436 Oo 0 OOO] 
0 OO2R Oo O16 0.0727 0.5113 0.8123 0 106 0. 1305 } O23 0 0000 

1.000 0 8655 1. 1665 0 O4 0.0720 
Note NS O.S010 





All ordinate and slope values refer to those of the approximating straight lines 
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dictated by the 
ipproximating traight lines Ihis 
values of f,, fo, fx, and fs, used in calculating the 
hunt resistance values. Similarly, the standard slop« 


error function at each point, as 
gives the 


calculated from the value 
of the function f, at each tap. With these parameters 
established, it is possible to calculate each Rj/a from 


S, and each slope Sy are 


Equation 3 

Since the assumed expression for f, Equation | 
is more nearly exact for high load ratios, the design 
values for R, are calculated using a load ratio of 
100. Then as a check, the actual voltage 
existing at the calculated from the 
resulting multiple-tap potentiometer network. Al 
though these calculations are not included for this 
lable II shows 
detail for the five-tap design discussed later 

Following this method 
the tap points normally differ only a few parts per 


ratios 
taps can he 


four-tap design, the procedure in 


thie computed errors at 


million from the estimates, for a load ratio of 100 


If this difference is excessive at a particular tap 
reestimate the resistor value to bring the error imsicd 
the allowable tolerance. For example, in this pat 
ticular circuit, R,/a was reestimated to equalize th 
errors at the first two taps at plu or minus 0.0024 
percent for a 100) as estimated 

Ihe same values of Rj/a can then be used for a 
load ratio of 20. As shown by the summarized valu 
for the four-tap design as listed in ‘Table I, readjust 
ment of the R,/a values is again necessary to bring 
the actual loading errors inside the permissible toler 
ance A similar technique can be followed wher 
using the four-tap design with any load ratio, since 
reestimation is simple starting with the Rj/a value 
for a load ratio of 100 

\s mentioned previously, Figure 2 includes a plot 
of the graphically estimated compensated loading 
crrors as a function of potentiometer travel. Not 
ind the intentional increas« 
in loading error for X greater than 0.55. Although 
the designs given are not necessarily optimum be 


the cusps at the tap 


cause of possible inaccuracies in the graphical 
method, maximum compensated loading errors will 


always be less than plu or minus UL5U percent ] 
Two-Tap Design 


he two-tap design of Figure 4 is included because 
it shows an interesting approach. A series resistor 
R,, drops the voltage to th 
approximately 66.7 percent of ec m the absence of 
load, but with the 
nected', ‘This gives a 


potentiomete! to 


compensating resistor con 
ymimetrical error with maxi 
mum ordinates of about plus or minus 3.2 percent/a 
Lhe two taps and resistors then reduce this error 
to ipproximately 0.50 percent/a ibout the vie 
as the fourtap design. But although this design 
has fewer components than the four tap method 
it is not generally used since it presents an awkward 
scale factor and is not capable of delivering th« 


maximum exciting volt ig 1 common requirceme nf 


The adjustment of R, is quit tical, and all toler 
inces must be tight to achieve the desired loading 
error reduction 


Five-Tap Design 


If a maximum loading er t U.50 percent/a 
cannot be tolerated, then a five-tap design must be 
used, ‘This will limit the error at any point in the 
Lhis design can 
md the 


travel to less than 0.25 percent/a 
be calculated by using E.quatior Ipproxi 
mating straight lines 
y =m + 0X 

and restricting errors at the tap and elsewhere to 
le than 0.24 percent d 1 hi itun of the shunt 
ing resistors can be determined from Equation 3 
and the errors checked at the taps from the actual 


circuit for a loading ratio of 100 





: Kp 0.660 











VIG. 4. Two-tap design with dropping resistor 


oltage 
ratios checked with the 1 te ues to within 
1 few parts per million Lev the value 


In the design discusses th tual 


of f, at the taps were alte ( count for these 
Crrol As shown by the 
lable II, the final design chy 


pel million at each tap ind a few selected check 


Cp procedure ili 


vithin on part 


point 
The re ulting error curve ot hown CTOSS 


zero 13 times and has a maximum implitude of about 


plus or minus 0.24 percent/a lhis represents a 
loading-error reduction of about 60 to 1 from the 
UnNCOMpeH ated a ivi and hor ld be Criou I Col 
idered for use in multi-tur tentiometers with 


load ratios of 10 or higher 
Miscellaneous Points of Interest 


If maximum loading errors n t be le than 0. 
percent/a, more than five ip tors must 


While the cde ign | cedure would be 


identical to the five tap method, to decrease loading 


he u ed 


8) to 0).] pel cit if i | t mated that 
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about 11 taps and resistors would be required. This 
complication is only warranted for three-turn or 
ten-turn potentiometers, or for load ratios less than 
ten. In addition, the tolerances on taps and resistors 
would be quite severe. The recommended tolerances 
for the above five-tap design are about plus or minus 
0.001 of total potentiometer resistance for tap loca 
tion, and about plus or minus 0.2 percent for the 
resistors. ‘These tolerances can be tightened or 
relaxed, depending on desired compensation, 

Note also, that the same taps as in the five-tap 
design plus a tap at X 0.33 can be used to 
correct for the basic linearity errors of the potenti 
ometer itself. ‘To accomplish this, plot an error 
function consisting of the load ratio times the sum 
of the potentiometer errors and the loading errors. 
Then if the above design procedure is followed, the 
result is merely different values of resistors at the 
same taps. The purpose of the extra tap is to give 
some statistical guarantee that the potentiometer 


linearity errors between X= 0.125 and X 
could be corrected. 

Note that the tap locations, X,, and the shunt 
resistor values, R,, are known beforehand since they 
depend only on the error function, «,, and the load 
itself. Hence, the resistors can be purchased before 
the potentiometer is made, and the taps can be 
welded when the potentiometer is wound. This 
should simplify the mass production of such designs. 

Considerable phase or quadrature reduction for 
load capacity or inherent phase shift can also be 
effected by a similar design using taps and shunting 
capacitors. This design problem will be covered in 
a future issue of Conrrot ENGINEERING 


0.540 


REFERENCES 
1, HERE'S A SHORTCUT IN COMPENSATING POT LOAD 
ING ERRORS, J. Gilbert, “Control Engineering’, February 1955 
SHUNTING CONTROLS LINEARITY, B. C. Beach Jr 


Electronic Equipment”, January 1955 





DERIVATIONS 


Derive an expression for determining the value of 
cach R, (Equation 3 in text). Let f be the desired 
function of X. Assume that the maximum positive 
slope, S, occurs between taps X, and X,. Let the de 


sired function values at these points be f, and f,, Figure 
3. Then 


’ to - ti , 
‘aes, ° 


(la) 


Denote the parallel resistance between two tap points 


X, and X, as R,, 


Thus, for unity potentiometer re 
sistance 


Ns Sa Ri (2 
; . , wih) 
fa —hi Xs XxX; 
From Figure 3 

R(X, — Xz) 
Ry + (X;, X;) 
Combining Equations la, 2a, and 3a gives 


ts 
7 — Sia 


Rag = 


R, = 
where 


fs <a Sa 
Xs — Xs 
Similarly, for any two adjacent taps X, and X, 


fifi 
S-S 


Se = 


R, 
i” (Da) 
where f, and f, are the desired function values 
cent taps. 

Substitute Equation la and Equation 2 (from the 


text) in Equation 5a and then simplify, remembering 


at adja 


that «, now refers to the straightline approximation 


R (X; — Xi) + (eG — 4) 
Bn 


; (6a) 
= ss 


PA) 
Dividing both sides by the load ratio, a, and ignoring 
(«, ~ «) in comparison with (X,— X,) gives 

R, (X; - Xi) 


a a(Sa - Sj) 


Che numerator of Equation 3 is simply the difference in 
resistance of the adjacent taps across which R, is con 
nected, while each term in the denominator is the slop« 
of the approximating straight lines of the error plot 
a €,. 
And Now, an Example 

Consider the one-tap design shown in Figure | 
Reference 1 showed that an error of + 0.019/a was 
permitted at the tap X, 0.74. Substituting thes¢ 


values in Equation 2 gives 


ae’. (0.74)? (1 — 0.74) + 0.019 0.161 
Ihe maximum positive slope of the error function is 
therefore 
aS = 0.161/0.74 = 0.2176 
The slope of the error function between X 0.74, 


and X, 1.0 is 


aS — 0.161/(1 — 0.74) - 0.6192 


lherefore 


R, (X, — X (1.0 — 0.74) 


sii 
a a(S S (0.2176 + 0.6192 


which agrees with the results of Reference | as noted in 
ligure | 
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SELF-REGULATION: 
The Inherent Behavior of a Process 


Frequently the terms self-regulation and no self-regulation appear in the 








discussions on process control (see Geraldine A. Coon’s articles in CONTROL 
ENGINEERING, May and June, 1956). Author Holzbock elaborates, with a 


unique approach, on the concept of self-regulation, basing his analysis on a 


simple liquid-level process with a single time constant. 


Constant 
flow in 




















Fig.1 





W. G. HOLZBOCK, Askania Regulator Co. 


(he behavior of a process under ¢ losed-loop con 
trol depends on its behavior under open-loop condi 
tions. Certain processes exhibit self-regulation ever 
in an open loop. That is, even without control, 
their inherent behavior causes the controlled variable 
to automatically attain a new balance position fol 
lowing a disturbance. Other processes have no self 
regulation, and following a disturbance, the control 
led variable changes indefinitely. 

Analysis of a process under closed-loop control is 
frequently discussed in terms of time constants. But 
the time constant of a process depends on the factor 
of self-regulation. ‘Therefore, knowing whether a 
process behaves with or without self-regulation gives 
some insight to the problem of control 

Consider as a single-capacity (single-time-constant ) 
process the liquid level in a tank. This process may 
be arranged in two ways: one way gives self-regula 


tion and the other does not. A review of the process 


vields some physical meaning to the concept of self 
regulation and its relationship to time constant 


Process With Self-Regulation 


The controlled variable of the process shown in 
Figure | is the liquid level in a cylindrical tank, Her 
liquid enters the tank at a constant flow rate. ‘The 
rate at which the liquid leaves the tank depends 
on the position of the valve stem and the level of the 
liquid. Assume that prior to a disturbance at the 
valve the flow in equals the flow out. Therefore the 
level is constant. ‘This is shown by the short hori 
zontal portion of the graph it the right in Figure 
Suppose it f 1 step 
position, introduced by manual mean: 
valve slightly. Now the flow in exceeds the flow out 
and the level in the tank ris But as the level 


rises the hydraulic head increases also 


|, above change in valve 


closes the 


Ihe increase 
Eventually 
at this new valve position, the flow in again balances 
the flow out. Thus a new balance has 
without closed-loop control Ih 


in head causes the flow out to increase 


been reached 
ibility to reach 


balance in this manner is known as self-regulation 


Process With No Self-Regulation 


Now consider the same tank filled and emptied in 


the manner shown in Figur Here a pump main 
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——t- Step change 


L Valve Flow in 


Ax] 


tains the output flow constant and independent of 
the level, and a valve controls the flow in. Sup 
pose the level is initially at equilibrium. A step 
change at the valve increases the input and the level 
rises, 
balance is never reached. The change in level with 
respect to time is shown in the right of Figure 2. 


Mathematical Derivation of Self-Regulation 


Ihe initial flow rate change is expressed as a frac 
tion a of the fully-opened valve’s flow-rate change 
for a step-change disturbance. Figure 3 illustrates 
the unbalance flow x resulting from a step change 
in valve position a. At balanced conditions the final 
value of x equals zero, Thus x expresses the dif 
ference between the unbalanced and balanced flows. 

The final level y equals a fraction of some arbitrary 
maximum level. For a step change in valve position 

r a by (1 
which means that the change in flow rate is propor 
tional to the change in valve position minus the 
level change. Here the level y is multiplied by the 
coefhcient b, where b expresses the effect the level 
change has on the flow change. In other words, b 
tells how fast a new balance will be obtained. Coefh 
cient b, therefore, is the factor of self-regulation 

For x equals zero, Equation 1 becomes 

a by (2) 
which shows that the final level attained equals a/b. 

The rate of change of level depends on the magni 
tude of the step change x at the valve. Thus 

dy 

dt 
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Because the output remains constant, a new 


onstont 





flow out 


where ¢ is a proportionality factor. Under initial 


conditions a equals x. ‘Therefore; 


dy 
dt 
which shows that c is the initial level rate of chang« 
per fractional change of valve position 
Substituting Equation | into Equation 3 yield 


dy 


In 
dt , 


he solution of this differential equation i 


When t 1 /be 


.quation 6 becom 


0.632 


UY tt) be , OF Yew j 


But a/b was previously identified as 
to y, the final level. Since level y reaches 63.2 
percent of its final value at t=1/be, then t=1/b« 
equals the time constant T of the proce 
fore |] 1/be shows that the time constant | 
tion of two parameters 

Pb, the factor of self-regulation, and 

Pc, the initial speed of response of the process per 


being equal 


here 
1 fun 


fractional change of valve position 

Equation 2 shows that the factor of self-regulation 
b is the proportion between the valve-position step 
change and the final level obtained 


shown in Figure 1 does reach some finite final level 


I he proc CSS 


I'herefore b does not equal zero, Then from Equation 

the time constant for this process must be some 
finite value and the process does have self-regulation 
ligure 2 shows the convers¢ 





Used Strategically — 
Frequency Response Improves 


IN-FLIGHT STABILITY 


This case history of an autopilot development using frequency-response 
techniques shows how these techniques pinpointed sources of instability 
within the control system and how they explained the wide variance between 
simulated and actual aerodynamic motions. The strategy used by the author 
in circumventing the instability of his airborne “process” applies equally well 


to any automatically controlled industrial process. He analyzes theoretical 
operation of the controlled system for likely causes of trouble, and then 
installs instrumentation to measure the actual behavior. Results: fast location 


of trouble and immediate redesign of the control equipment. 


BOUDE C. MOORE Douglas Aircraft Co., Inc. 


Every servo engineer at some time faces the 
problem of a misbehaving servo system. What 
techniques can he use to achieve desired system 
performance with as few hardware changes and in 
as little time as possible? 

This problem is especially important to the de 
signers of autopilots, to whom flight test time is 
costly. Flight test programs concentrate on aero 
dynamic and engine problems. Autopilot test flights 
have low priority even though the new faster and 
larger planes demand more complicated functions 
from their autocontrol systems. Scrapping familiar 
circuitry in favor of the latest transistor and magnetic 
amplifiers adds other complications too. Obviously, 
then, the autopilot design engineer must make the 
best use of the flight test time allotted to his project 

\ newly designed aircraft requires a newly de 
signed autocontrol system because the control s5 
tem must satisfy the plane's unique aerodynami 

Although certain predictions about the 
performance are based on theoretical in 
formation, the real facts about stability and accuracy 
show up in the flight test of the plane l'racing 
development of an autopilot for a new high-speed 
aircraft brings out problems that arise in going from 
the design phase into the flight-test phase 

(Because of security requirements the author can 
not reveal the aircraft under development nor dis 
close certain numerical data. Ed.) 

In this development program the design of the 
prototype autopilot was based on aerodynamic equa 


design 


plane's 


FOLLOW THESE STEPS TO 
IMPROVE SYSTEM PERFORMANCE 


1. PREPARE FREQUENCY RESPONSE OF PREDICTED 
BEHAVIOR. In addition to the basic equations, the 
frequency-response and the transient-response curves 
should be provided for each of the major branches 
of the system. 


2. OBTAIN FREQUENCY RESPONSE OF ACTUAL BE 
HAVIOR. Record the system's performance and con 
vert data into frequency-response plots for the major 
branches of the system. 


3. ANALYZE RESULTS FOR CAUSES OF DISCREP 
ANCY. Frequency-response plots make it very easy 
to pinpoint discrepancies between predicted and 
actual behavior. The original design of the system 
was based on the best information available. The 
presence of a problem means the original informa 
tion does not represent the system under test, and 
redesign based on this information has a low prob 
ability of success. 


4. REDESIGN SYSTEM BASED ON RESULTS OF 
ANALYSIS. Once causes of trouble have been deter- 
mined, immediate redesign (based on the actual test 
data of the system) can be undertaken 


5. REVISE PREDICTED BEHAVIOR. it is certainly 
necessary, for future design purposes, to correct 
the original equations and bring computer solutions 
in line with measured dato. However, there is no 
need for equipment redesign and development to 
await this time-consuming procedure 
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TABLE | 


TROUBLE SOURCES IN PITCH CHANNEL 


(1) Besic phugoid equations ‘a Flow graph Where: 


= oirspeed ratio (wind axis) 
= pitch ongle (wind ox/s ) 


(0) (Co+ SF) +g G<0 4 (o) expresses effect of Gon yw drag coetticient 
"pe C, = litt coetticient 
“ 
(b) G p-~ SOO # (6) expresses effect of » on @ § = Loploce operator 
Angle of attack assumed constant 
Open loop, no : Open loop, with 
Equotion (b) Equation (a) internal feedbock _.._ internal feedback 
AR 
~6 db ~G6db 
Yoctave -90"> 


Va fn 95 4 





Freq. log. scale 


(2) Relation between pitch angle ond altitude az = vertical occeleration, space oxes 
(o) op = 6- x . A ‘ / o vertical occelerdtion, body axes 
ie oe 0 +43, q = pitch rote, body axes 
(o) + «= gf [ o-2£9 ] 7m 5 h = altitude change, spoce axes 
Open loop, no Open loop, with 
Altitude internal teedbock internal feedback 
Elevator angle 


8, 
Oo— 


(3) for typical airplane 


h 


Flow graph 
8, = elevator angle 














(4) Errors in measuring altitude 


a =angle of attack 
8, 4P = pressure ot static inlet 


4, 


ar. = position error 


= pressure at altimeter 


44 . 
aP pressure lag 


(D) (5) Errors in measuring pitch angie 


A Sy = longitudinal acceleration 
= pitch gyro output 
= pitch gyro output due to @ 


= pitch gyro output due to effect 
of spe on gyro erection 


Normal high gain 


Low goin when 
saturated by 
oscillations 








V- volts 
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An unstable aerodynamic loop, contained in branch d of Figure 
1B, results in a phugoid oscillation of very low frequency. Typical 
periods range from 10 to 100 sec. The pilot found these osciila- 
tions easy to damp and it is not a serious problem in normal 
flight. But with autopilot control, complete damping becomes 
difficult at all conditions of airspeed, altitude, weight, and center 
of gravity. 


The unstable phugoid loop enters directly into the pitch angle/ 
elevator angle and altitude /elevator angle transfer functions 
(branches ed and ede of Figure 1B). Consequently these branches 
have the interesting characteristic of going to infinity at the 
phugoid frequency: output is produced with no input. Fortunately 
the same peak occurs in both the pitch and altitude loops. 


Errors in measurement create a source of trouble as in this 
case of measuring altitude. Pressure at the static inlet is af- 
fected by both altitude and angle of attack. The effect on angle 
of attack is known as position error, which may be a positive 
or negative correction, depending on the location of the inlet. 
A time lag exists between the inlet pressure and the instrument 
pressure. Errors of this type are difficult to caiculate and often 
ignored in the initial analysis. Flight tests determine whether 
they are indeed negligible. 


Another instrumentation error arises in the measurement of 
the pitch angle. The output of the altitude gyro is affected by the 
fore and aft accelerations of the airplane. The erection mech- 
anism of the gyro senses these accele;ations as a changing 
direction of gravity. The false correction appears as a pitch 
angle. During long period of phugoid oscillation these erroneous 
changes in pitch angle may become an appreciable part of 
the measurement. 


Local oscillation in one of the loops creates trouble, too. In 
branch a, illustrated by the static sensitivity curve and the flow 
graph, local oscillation causes the amplifier to saturate, but the 
system continues to function. However, the overall gain is seri- 
ously reduced below that required for good design. Reduced gain 
because of local oscillation actually occurred in the prototype 
autopilot, and became apparent through analysis of the fre- 
quency-response curves obtained from flight-test results. Subse- 
quent trouble-shooting of the equipment in branch a then isolated 
the immediate cause of the trouble and aided redesign. 


tions obtained from wind-tunnel data. Simulation 
of these equations on an analog computer, together 
with a full-scale mock-up of the airplane's control 
mechanisms and a prototype of th autopilot ampli 
fier, aided investigation. Here, the computer out 
put fed the amplifier that drove the control surfaces 
Control surface motions, fed back into the com 
puter, completed the simulation 

This arrangement permitted quick evaluation of 
how the prototype autopilot at any combination 
of its settings, controlled the aircraft over a wide 
range of simulated operating airspeeds and altitudes 
rom these data the best autopilot settings wer 
selected to determine whether this prototype would 
confirm predicted performance in flight 


FLIGHT TESTING THE AUTOPILOT 


In the first flight test of the autopilot it responded 
to large disturbances very much as predicted—fast 
and well-damped. However th autopilot did not 
fly the airplane straight and level, but in long, slow 
oscillations with a period of 10 to 20 s« 

These oscillations occurred along the pitch, yaw, 
and roll axes. ‘They area common problem. In this 
case, the high speed and the large inherent dead zone 
in the hydraulic control system aggravated conditions, 
because corrective action on the plane's control sur 
faces only required small displacements on the ordes 
of a few hundredths of a degre 

During the initial flight tests the autopilot was 


adjusted in accordance with optimum settings pre 
dicted by the simulated system. Next came flights 
using full range of adjustments available in the auto 
pilot. ‘These demonstrated that the existing auto 
control system could not stabilize the plane 


RANDOM REDESIGN 


I'he initial search for a cure to the instability 
problem succeeded in di sing a number of de 
hcience: lor example, the servo’s output shaft 
twisted under load resulting in an undesirable dead 
zone, so that a certain torque level was required 
to produce any useful output motion A similar 
dead zone was found in the altitude sensor 
small altitude changes produced no changes in out 
put voltage. Hither of these deficiencies could have 
caused the oscillations, but correcting them failed to 
cure the instability problem This phase of red 
sign resulted in little improv nt for the effort 


SYSTEMATIC REDESIGN 


Because the source of instability still remained 
hidden it was then decided to solve the problem 
on a logical basis: to compare the basic theoretical 
calculations with the actual behavior of the plane 
under flight conditions. Frequency-re ponse techni 
ques are an appropriate tool for comparison because 
they allow the complet tem to be analyzed, 
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FIG. 1: A PITCH CHANNEL’S BLOCK 


ifferentia 
pressure 


transducer 


Altitude 


Th) 


- AND ITS FLOW GRAPH 








voltage input to amplifier 
pilots stick position 
elevator position 
airplane pitch rate 
airplane pitch angle 


Hf airplane altitude 


Transfer functions 
Each branch shown may be made up of several 
smaller components — including feedback loops 


g »” 
r) 7"? 


By inspection, equations of motion may be written as 
WH abcde 
v /taftabcg tabcdh ¢ abcde 








providing sufficient information to locate trouble 
Since the system was already oscillating, these techni 
ques were easily applied 

The airplane equations of motion used in the 
original design yielded the theoretical frequency 
response characteristics of the individual branches 
of the system. But obtaining the actual trans 
fer functions under flight conditions required con 
siderable auxiliary instrumentation. 


Theoretical Transfer Functions 


A typical autopilot contains two control channels, 
one for pitch, and one for yaw and roll. Figure 1A 
illustrates, by use of the familiar block diagram, 
the configuration of the pitch channel, and shows 
the individual branches in terms of the channel's 
equipment and connections. However, test engi 
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neers prefer the flow graph (Figure 1B 
ing the system 


for describ 
They are trained to write the 
mspection from such flow 


ystem 


equations by harts' 


ach branch of this graph can be represented by 


static sensitivity curves, as in Figure 2, and by 
curves, as in Figure 3. For 
effective control of altitude, the gain of the altitude 
loop (abedei in Figure 1B) must be much greater 
than the other feedback loops combined. ‘There 
fore, at low frequencies, the denominator | -+-af 
abcdh-+-abcdei==H/V—1/i. Thus the system 
low-frequency behavior depends on branch i, the 
altitude-sensing unit and voltage feedback 

However, the altitude loop contains two inte 
grations—branches d and e. ‘Therefore, as frequency 
increases the gain will decrease at 12 


frequency-respons¢ 


abceg+ 
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db/o« tave 
aud the phase angle will reach minus 180 deg. At 
some frequency the system will oscillate unl 

stabilized. In normal stabilization procedure, the 
pitch feedback voltage predominates at medium fre 
quencies, and the pitch rate voltage and the stick 
position voltage predominate at successively higher 
frequencies, 

But in the prototype system instability — still 
existed, indicating some source of trouble. As 
in Figure 1B, each branch may be made up of 
several smaller components, including feedback loops 
l'able 


I. ‘Trouble sources include inherently unstable aero 


noted 


Some of these branches are investigated in 


dynamic loops, low gains in the control system, and 
instrumentation errors in measuring the aircraft's 
position during flight. Knowing, from theoretical 
considerations, where trouble may occur helps locate 
additional instrumentation to evaluate these trans 
fer functions under flight conditions 

Once the individual branches and their transfer 
functions were developed, the airplane equations of 
motion used in the original autopilot design were 
solved to give appropriate numerical values to the 
frequency-response curves of the individual branches 
Now the predicted motions, based on wind-tunnel 
and theoretical data, could be directly compared 
with the actual airplane motions as determined from 
instrumented flight tests 


In-Flight Transfer Functions 


he airplane was suitably instrumented to define 
electronic, and hydraulic 
of the system. An oscillograph recorded all measure 
ments, subsequently yielding both amplitude ratio 
ind phase shift information as a function of fre 
I'he autopilot itself, already unstable, se ed 


the aerodynam portion 


quency 
as the usual sine wave generator needed for fre quency 
response tests. Her the frequency of os 
could be varied from 0.05 to 2 eps simply by 
the autopilot setting: This range of frequenci 
covered the entire spectrum of interest 

measurements for the aero 
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lypi al recorded 


dynamic portion dealt with rate of roll, rate of yaw 
rate of pitch, lateral and longitudinal a eleration, 





and control surface positions. For other data, stick 
angle and clutch current were used 

Recorded data showed considerable scatter 
actors contributing to this scatter were non 
vmmetrical pseudosinusoidal oscillations of very 
nall amplitude, and variations in the system duc 
to vibration, wear, and part changes. Probable 
crror of most measurements was 15 percent 

l'‘hese recorded oscillations allowed measurement 
of the individual branch transfer functions. For 
example, Figure 4 shows a short portion of the 
oscillograph record which gave the plane's altitude 


ind its elevator position lhis information defined 
| ; Since the 


branches cde of Figure 1B and ‘Table IB 
jutopilot was unstable, adjustment of its pitch angle 
and pitch rate settings changed the frequency of 
oscillations at which the amplitude ratio and phase 
shift of the altitude/elevator position transfer func 
tion was plotted 

Figure 5 shows part of the oscillograph record 
used in obtaining roll-vaw oscillations. Here branches 
concerned must be defined, for rate of roll has 
components from both aileron and rudder motion 

Several hundred feet of oscillographic record may 


FIG. 3. Figure 3A shows the frequency response characteris 
tics of branch b. Note the spread in the curve resulting from 
the extreme nonlinearity (backlash) in this branch. Figure 3B 
illustrates the combined frequency response of ¢ and d 


FIG. 2. Each branch of the system can be represented by a 
static sensitivity curve. Figure 2A shows the backlash inherent 
in branch b of Figure 1A, while Figure 2B shows amplifier 
characteristics of the amplifier in branch a 
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Altitude checks were conducted at approximately 15,000 ft 


FIG, 4. This unretouched photograph of a portion of the os 
at speeds around 320 knots. During the first portion of the 


cillograph record details typical altitude and elevator position 
measurements. From extensive records of this type evolve the tests with varying pitch angle settings, the results were satis 
transfer function of branches cde in Figure 1B. In addi factory; however, when increasing the pitch angle to 8, the 
tion to the recording, test engineers relied on the pilot for tircraft no longer held altitude. Returning the pitch angle to 
idditional information. Thus: PILOT'S COMMENTS a lower setting resulted in unsatisfactory control 
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fairly short period and magnitude of plus or minus 5 deg 


FIG. 5. ‘This portion of the oscillograph record aids in ob 
rolling oscillation of 


taining the transfer functions relating to roll and yaw Then this motion gave way to lateral 

PILOT'S COMMENTS:—“The aircraft was taken to 30,000 plus or minus 10 deg. This action became slowly divergent 

ft, where the autopilot was engaged. ‘This resulted in airplane Ihe test was repeated with the altitude control engaged. The 
9 ‘ 


oscillations. Initially the airplane pitched through 2 cycles of results were the san 
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By inspection, equations of motion may be written as 


Hf abcde 
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providing sufficient information to locate troubk 
Since the system was already oscillating, these techni 
ques were easily applied 

The airplane equations of motion used in the 
original design yielded the theoretical frequency 
response characteristics of the individual branches 
of the system. But obtaining the actual trans 
fer functions under flight conditions required con 
siderable auxiliary instrumentation. 


Theoretical Transfer Functions 


A typical autopilot contains two control channels, 
one for pitch, and one for yaw and roll. Figure 1A 
illustrates, by use of the familiar block diagram, 
the configuration of the pitch channel, and shows 
the individual branches in terms of the channel's 


equipment and connections. However, test engi 
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low-frequency behavior depends on branch 1, the 
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increases the gain will decrease at 12 
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in Figure 1B, each branch may be made up of 
several smaller components, including feedback loops 
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instrumentation errors in measuring the aircraft’ 
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considerations, where trouble may occur helps locat« 


position during fligit 


additional instrumentation to evaluate these trans 
fer functions under flight conditions 

Once the individual branches and their transfer 
functions were developed, the airplane equations of 
motion used in the original autopilot design were 
solved to give appropriate numerical values to the 
frequency-response curves of the individual branches 
Now the predicted motions, based on wind-tunnel 
and theoretical data, could be directly compared 
with the actual airplane motions as determined from 
instrumented flight tests 


In-Flight Transfer Functions 


Che airplane was suitably instrumented to define 


the aerodynamic, electronic, and hydraulic portion 


of the system. An oscillograph recorded all measure 
ments, subsequently yielding both amplitude ratio 
and phase shift information as a function of fre 
quency. ‘The autopilot itself, already unstable, served 
is the usual sine wave generator needed for frequen 

response tests. Here the frequency of oscillation 
could be varied from 0.05 to 2 cps simply by 


the autopilot setting This range of frequencic 
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covered the entire spectrum of interest 
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dynamic portion dealt with rate of roll, rate of yaw 
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and control surface positions. For other data, stick 
angle and clutch current were used 

Recorded data showed scatter 
Factors contributing to this scatter were non 
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crror of most measurements was 15 


system duc 


Probabl 


to vibration, changes 
percent 
l'hese recorded oscillations allowed measurement 
of the individual branch transfer functions. For 
example, Figure 4 shows a short portion of the 
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characteristics of the amplifier in branch a 
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branches cde of Figure 1B and Table IB. Since the 
autopilot was unstable, adjustment of its pitch angle 


and pitch rate settings changed the frequency of 
oscillations at which the amplitude ratio and phase 
of the altitude/elevator position transter func 

tion was plotted 
Figure 5 shows part of the oscillograph record 
used in obtaining roll-vaw oscilla! Here branches 
defined, f ite of roll has 
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FIG. 3. Figure 3A shows the frequency response characteris 
tics of branch b, Note the spread in the curve resulting from 
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FIG. 4. This unretouched photograph of a portion of the os 
cillograph record details typical altitude and elevator position 
measurements. From extensive records of this type evolve the 
transfer function of branches cde in Figure 1B. In addi 
tion to the recording, test engineers relied on the pilot for 
idditional information. Thus: PILOT'S COMMENTS 
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5. This portion of the oscillograph record aids in ob 
taining the transfer functions relating to roll and yaw 
PILOT'S COMMENTS:—“The aircraft was taken to 30,000 
ft, where the autopilot was engaged. ‘This resulted in airplane 


oscillations. Initially the airplane pitched through 2 cycles of 


fairly short period and magnitude of plus or minus 5 deg 
Then this motion gave way to lateral rolling oscillation of 
plus or minus 10 deg. This action became slowly divergent 
The test was repeated with the altitude control engaged. ‘he 


results were the san 
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be needed to obtain sufficient information for even 
a few plotted points on frequency-response curves. 
And only when these curves are plotted can the 
results be used to prove whether the flight-test data 
conform to the predicted data and to locate the 
instability. 

Vigures 6 and 7 consolidate a portion of the 
recorded information obtained during the flight 
tests. ‘These frequency-response plots compare the 
predicted data (obtained on the analog computer 
using theoretical and wind-tunnel results) with data 
obtained from flight tests. Figure 6, the transfer 
function of roll rate/aileron angle, shows excellent 
correlation in the amplitude ratio among all four 
tests. ‘The discrepancy in the phase-shift measure 
ments are due to instrumentation difficulties in 
measuring small variations and nonsymmetrical oscil 
lations in the recorded data. In general, flight-test 
results in Figure 6 verify the predicted behavior of 
this aerodynamic branch. 

However, the yaw rate/aileron angle transfer func 
tion in Figure 7 shows a wide discrepancy between 
predicted and flight-test data. ‘Thus use of the 
predicted response for this aerodynamic branch 
resulted in the incorrect design of the autopilot’s 
yaw-control section, since the equations of motion 
did not actually represent flight behavior 


SUMMARY OF TEST RESULTS 


The flight tests investigated the aerodynamic and 
control branches of the airplane for the pitch channel 
and the roll-yaw channel. The following facts 
emerged from the resulting data 
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FIG. 6. Roll rate/aileron angle transfer function shows good 
correlation between computed data and three groups of flight 
test data. ‘Thus predicted aerodynamic behavior is confirmed. 


2 Fab fant VIG. 7. The yaw rate/aileron angle transfer function 
shows a discrepancy between predicted and flight-test data, 
thus revealing an inaccuracy in the original information. 


Pitch Control 


1. The aerodynamic 
dicted. 
required, 

2. A very low gain was found in branch a of 
Figure 1B. Further investigation showed an oscilla 
tion of about 50 cps, which saturated the amplifier 
and reduced the gain (as shown in Table IE.) 

3. The hydraulic control system, branch b, showed 
very low gain and large phase lags. 

Because the difficulties causing instability were 
now located, a realistic redesign and improvement 
of this system could be undertaken. 


branches behaved as pre 
No modification in the theoretical data was 


Yaw-Roll Control 


4. The rudder amplifier and control system 
behaved as predicted. 

5. The aileron amplifier and 
showed the same deficiencies as found in the elevator 
(pitch) system. The hydraulic and electronic equip 
ment was redesigned accordingly 

6. The roll angle/aileron angle (yaw damper on ) 
transfer function behaved as predicted. No modi 
fication of predicted data was required 

7. The yaw angle/aileron angle (yaw damper on 
transfer function was significantly greater than 
predicted, especially at high frequencies. ‘Thus this 
portion of the predicted data was revised 
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BASIC DIGITAL SERIES 


Control Elements in the Computer 


THE GIST: Conceptually, digital computers have four elements: a memory, 
an arithmetic element, input-output elements, and a control element. The 
memory retains information. It may be used to store the program (the in- 
struction sequence that the computing system is to follow), the data to be 
used in the sequence, and the intermediate results of computations. The 
arithmetic element does the addition, subtraction, multiplication, division, 
and other operations that have been specifically built into the repertoire of 
the computer. It has very limited storage capacity, retaining only the 
information required to perform the function at hand. The input-output units 
are the communications links between the computer and the people or equip- 
ment outside the computer. 

The memory and arithmetic unit have been described in previous articles. 
Input and output equipment will be described next month. We now consider 
the control element that interprets the instructions of the program and coor- 
dinates the memory, arithmetic, and input and output elements in carrying 
out these instructions. 


This article shows how the control enables the computer to carry out an 


instruction sequence. First, the general function of the control is discussed. 
Next, various instruction structures that may be used with a control are 
covered. Following this, the design techniques used in constructing a control 
are illustrated in detail by a simple example. Finally, application of these 
techniques to the design of a control is outlined. 


E. E. BOLLES and H. L. ENGEL 
The Ramo-Wooldridge Corp 


Ihe control clement is the com 
puters coordination center Its fun 

understood by con 
actions that a human 
performs in manual computation and 
in using a desk calculator to do the 
same computation. Such a computation 
might be the evaluation of the fun 
tion Y 7.5X + 38.3 for a number 
of values of X, as illustrated in Ta 
ble | 

(he desk calculator example illu 
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trol that are duplicated in electroni 


tion may be 
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digital computers 
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machine 
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trol is the 


portion of the machine 


addr idded to 
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TABLE 1 
Man 


Man and Desk Calculator 





1. Outline table 


17.5X 17.5X +- 38.3 





. Write down multiplier (17.5) 


. Write down multiplicand (X) 


. Use pencil, paper, and memorized 
tables to write down product. 


. Write down 38.3. 


Use pencil, paper, and memorized 
tables to write sum of product and 


38.3 


. Enter sum in table and return to 


step 2. 





1. Outline table 


X 17.5X +- 38.3 


1 
2 
3 


Enter multiplier (17.5) in key- 
board. Multiplier remains in com- 


puter until cleared out. 


. Enter one multiplicand in keyboard 
(X). 


. Push “multiply” key. This initiates 
process that results in product be- 
ing displayed in machine register. 


. Enter 38.3 in keyboard. 


Push “Add” key. This causes ad- 
dition to be performed and sum 
displayed in machine register. 


. Enter sum in table and return to 
step 3. 
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FIG. 1, Typical structures for programming instructions for digital computers 
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for this purpose are known as de 
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that prevails in the computer. For 
example, the instruction ma 
two next 


10n, transte1 
instruction 


ondition 


ymnitain 
instruction add c in 
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INSTRUCTION STRUCTURE 


Ihe instructions pre 
lined represent 
least 
dress, operation to be 
the address of th 
are required as part 
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omputers that have 
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mentioned, at 
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tructure, 
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system” iddre 
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Ihe address of the next instruction 
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to control this sequential el 
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sclected Is ln 
plied and is selected sequentially from 
storage. The IBM 650 and the ERA 
1103 have two-address instructions. 
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As pointed out in an earlier artick 
on the use of information theory in 
design of digital computers, it is not 
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TECHNIQUE OF CONTROL 


A good way to tech 
nique of control of digital computer 
is by tracing through the logical d 
ign of a simple controlled digital 
A five-flip-flop register that 
can perform some of the 


r xplain the 


device 
operations 
done in a digital computer will be 
used for illustration. It is basically too 
simple to perform really useful com 
putations The five flip-flop in the reg 
ister are designated “P, O, R, S and 
I’; they are simple delay flip-flop 
Any one of them O for instance ha 
in input denoted by QO) and two out 
puts denoted by ©] ind (Y illed the 
normal and complementary output 
The truth table for this flip-flop i 
piven below 


Thi flip-flop ha the haract th 

I he O output is the same as the QO) 
input was the previous digit time, and 
the (Y output is always the compl 
ment of the © output The logical 
equation of thi flip-f pl 


Q Q 


It is assumed that this five flip-flop 
register 1s part 
puter, Thi 
flop input the clock 


ot i synchronou com 
that in each flip 


pul ( 


mean 
‘anded 

Since 
followed, it is un 
to mention the 


with the logical input quantity 
this convention i 
necessary clock pul 
pecifically in the logical expression 
for the inputs to flip-flop 

\ characteristic of 


digital computers 1 


many electronic 
that they time 
for exa ipl th 
ime group of flip-fl yp 
for several different purpose Phi 
register desct 1 will be able to pe! 
form several operahion 
fluence of signal 


hare equipmeé nt 


“ane | 
may be used 


under the in 
mtrol. ‘The 
operation of this five-fl p 
will be 


trom a ¢ 
mode ot 


flop register 


|. Maintain content 
Circulate 
Count up 

+. Reset to zero 


Ihe logi al 
of thes 


content 


equations for ¢ 
mode of operations ai 
ited separately, then these are 
bined, the mode of 
clected by the control 
First, the five flip-flop 


made t retain thei content 


opel ition | 


Can 


changed by 
each flip-fl 


Lhe h 
ulating r 
is the 
ceding and 
flip-flop i th 
last. In each 
flip-fl 


next Ih 


} 
normal 


f one 


Phi 
ulo-32 counte 
puts are properh 
hall 
fashion from 
digit 
conhiguration z 
flop holding the 
nd T the flip4t 


ignihcant d 


counter 


time it 


the su i ive tate 


just a tabulat 
il] number 


uration 


onh 


Itt ill input ! 


Controlling the r 


Thus far, tl 
thi 


fo mah 

these 

of control 

control 

ivailabl 

yuse the 

tents, the 

the third t 

fourth to reset 1 
If the quant 

the five flip-fl 

the register t 
tate will be 

the a 

“anded’ to 

circulate 

only when 

If all of the 

make the 

vith ¢ the 

vhen the 


iB) 
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the output 


inp if 


pecome a ci 


the input to each 


it of the one pre 
ec input to the hist 
rmal output of the 
time the content: 
transferred to the 
quati ms are 


1 mod 
the inputs and out 
interconnected. The 
nt in straight binary 

to 31, In the 
tart again m the 
P shall be the flip 
most significant digit 
| p lding the least 
lable Il howing 
of each flip-flop, 
n of the binary code 
from zero to 31 
of flip-flop input 


next 


T'SRQ)'P 
4 ‘4 id 


he reset to the 
mply by withhold 


e digit time 
egister 


that will permit 
( in iny one 
node ha been 
been shown how 


i vecific one of 


' 
vhere the concept 
four 
( ind D ire 
used to 


naintain its con 


, imple 
line 3 
t circulate 

ount, and the 
tt 7CTO 
t 4 


input 


make i 


inded” with 
that cause 
iuntain it tate, the 
itained onl vhen 
nt Bj 

its that cause it to 

te ill circulate 
input B ivailable 
flip-flop inputs that 
nt are “anded” 

ill count only 
Here 
d for the 

A, B and C will re 


to the fl p-flops and 


pie ent 
t re jure 
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TABLE Ii 


the flip-flops will thus reset to zero 

Ihe functions of the flip-flops in 
this fiveflip-flop register can now be 
combined to time-share 
in the four 


this register 
described. ‘The 
terms in the mput u ed for maintain 
idded to thos 
used for shifting and may be added 
to those used to make the 
count 


modes 
ing contents may lb 


register 
(Since not more than on 
of the control lines A, B, C, D is ener 
gized at any time, the four modes do 
not interfere.) ‘The resulting logical 
equations for the inputs to these time 
shared flip-flops are then 
Pj = AP + BT 

& C[(TSRQ) PP! + (TSRQ)’ P| 
Qj 104+BP + C((TSR)Q’ + (TSR)'Q| 
Rj = AR + BQ + CI(TS)R’ + (TS)'R| 
Sj = AS + BR +C(TS' + T'S| 
Tj AT + BS + CT" 


In bigure the inputs to the flip 
flops in the three simplest cases are 
indicated schematically. ‘This illus 
trates clearly why it is very conven 
ient to describe the logic of a com 
puter in the terms of Boolean algebra 
rather than to indicate this logic by 
means of schematic diagrams 

In this first figure, 
caded 


gates are cas 
Considering each “and” gate, 
gate a level of gat 
ing, the expression for Rj contains six 
levels of gating; that is, in the input 
to Rj, the output of flip-flop S must 
travel through six before it 
reaches the input to R (and, inverter, 


imverter, and “or” 


gates 
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FIG. 2. Schematic diagram 


wel 
J r « 


of the control gating for 


three simplest stages of a four-mode, five-flip-flop register 


ind, Ol and, o1 Ther may he 
practical 
it inadvisable to have a 


considerations which mak 
many as Six 
levels of gating, and in this case, the 
Boolean alge 
it possible to reduce th 


formal techniques of 
bra make 
number of levels of gating to five or 
four or three or two. lor exampk 
the input to flip-flop R expressed in 
terms of two levels of gating 1 


Rj = AR + BQ 


CTSR’ + CT'R + CSR 


his is illustrated in Figure 
Determination of the logical equa 
tions that will permit a five-flip-flop 
register to behave in a variety of ways 
according to the kind of control sig 
nals it receives has been demonstrated 
Now, where do the 
originate? ‘They may be obtained b 
imilar to that describ 
in designing the five-flip-flop registe 
lor example, A, B, and C may them 
selves be flip-flops that are turned on 
or off by signals from other portion 
of the machine The inputs to fli 
flops A, B, and C may come from 


storage where, for instance, they may 


mtrol signal 


techniques 


be recorded in three separate channel 
on a magnetic drum. The informa 
tion on the drum, then, is the stored 
program for our primitive computer 
Despite the simplicity of this de 
vice, It 1s possible to com 
tical applications for it. A situation 
requiring the sampling of the fr 


ive of prac 


quency of a pulse train uld be such 
in example Lhe control would estal 
lish the counting mode of the flip 


! 


flops for a fixed interval, thus giving 
1 measure of the pulse rate of th 
input pulse Lh hifting mod 
vould then allow a serial readout of 
this number, or the holding mod 
vould allow static inspection of thi 
Then the flip-flops 


Ti clk ired for inothe imp 


I 


iumber could 


l 
] 
| 


CONTROL ELEMENT MECHANIZATION 


Ihe techniques illustrated above 
ire those used in the design and mech 
nization of digital control 
Actual 
ire too complex to be detailed here; 


element may be 


omputer 
lement computer control 
however, these 
ecadily understood from an outline 
description of a control and the for 
roing technique 

Figure 4 is a block diagram of a 
po sible control for a rial 
using a two-addre 11 tion struc 


ompute I 


ture and serial storag 
to be 
first, to cause storage 


equi nce 
performed by mtrol ji 
locate th 
operand desired ol to cause 


the operation desired performed 


upon that operand; third, to caus¢ 
torage to select and tra er the next 
instruction to the cor |; and then 


to repe it this equenc 


Assume that an instruction has been 
transferred from storage t the in 





struction register. The first step of 
the sequence, as controlled by the 
control counter, is to transfer the 
operand address information through 
a series of gates to an address register. 
Here this address is compared by a 
coincidence detector with the cur 
rent address of the serial store. When 
coincidence between the desired and 
current address is detected, a gate is 
opened, allowing the selected number 
to pass from storage to the arithmetic 
element. This gate is controlled by the 
coincidence detector and the second 
state of the control counter 


Operation decoding 


The operatign desired is decoded 
by a diode matrix as shown in the 
right-hand portion of the diagram. 
The matrix inputs are the coded regis 
ter information; the output is the acti 
vation of one of a number of gates 
represented by the binary information 
This decoding matrix output gate di 
rects the coincidence detector output 
pulse to the arithmetic element. This 
pulse activates subcontrols, causing 
one of the processes of addition, sub 
traction, etc., to be initiated. The 
completion of the operation causes 
the third step in the control counter 
to be activated. The third step 1s the 
transfer of the next instruction ad 
dress from the instruction register to 
the address register. Again, compari 
son between the current and the de 
sired address is detected by the coin 
cidence detector. When coincidence 
occurs, the current word in the serial 
memory is transferred through a gate 
to the instruction register. This gate 
is controlled by the fourth step in 
the control counter and the coinci 
dence detector. The new instruction 
has been introduced into the instruc 
tion register and the entire sequence 
is repeated 


Conditional jumps 


If the desired operation is a condi 
tional jump, then the operation dé 
coding matrix is activated immediately 
after transfer of the instruction to 
the instruction register. The 
tion pulse samples some condition 
such as the sign of the number in the 
arithmetic element, and then caus« 
either the normal next instruction ad 
dress or the operand address to be 
transferred to the address 
Then, as previously described, this in 
formation would cause selection of the 


ope Ta 


register 


next instruction 

In some computers the choice of a 
onditional address is limited to the 
pecified next instruction address or t 
a simple modification of this addre 
such as the addition of one. Either the 


normal address or that address plus one 


is selected, dependent upon the con 
dition tested. 


Time Sharing 


As mentioned, the output of the 
decoding matrix is a pulse on one of 
a number of lines going. to the 
arithmetic element to activated sub-se- 
quences controlling the actual arith 
metic processes. As digital computer 
designs improve, it becomes increas 
ingly more difficult to draw a dividing 
line between the contro] operation and 
the sub-sequence control of the arith 
metic element. The sub-sequence con 
trol generally is a counting sequence 
with the states of the counting de 
vice controlling the various gates of 
the arithmetic element Che first 
step of the control element sequence 
is to transfer the operand address to 
the address register; therefore, this 
portion of the instruction register 
need not be used throughout the re 





mainder of the control sequence. In 
many digital computer designs these 
same clements are used for the sub 
sequence control of the arithmetic 
element This time-sharing is par 
ticularly important 
tion 15s importa it 


where minimuza 
Other instruction structures 


drawn 
than a two-address) 


If the block diagram were 
for a single (rath 
control, the next instruction address 
would not be derived from the instruc 
tion register, since this register would 
contain only the operand address and 
the operation. The next instruction 
address would be contained in a sepa 
rate counter Vhe 


quence would be the same a 


singk addre Ss 0- 
previ 
ously described, except that the next 
instruction addr 
ferred from this separate counter to 
the address register The 
contained in the 


would be trans 


number 
counter would then 


FIG. 3. A two-level gating scheme to replace the six-level gating for Rj of Figure 2. 





Current address 
register 












































FIG. 4. The control for a two-address, serial storags 


computer 
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be increased by one to establish the 
successive address. 

Block diagrams for either a three- 
or four-address machine would vary 
in the instruction-register length. The 
sequence performed necessarily would 
be longer; first, the transfer of the 
first operand; second, the transfer 
of the second operand and the activa 
tion of the operation decoding, third, 
the transfer of the address of the re 
sult if a four-address machine, or of 
the next instruction if a_three-ad 
dress structure. ‘These control ele 
ments all operate in basically the same 
manner, although the variations in in 
struction structures cause differences 
in the number of steps in the control 
sequence, 

In al + (1) control element the 
sequence remains as described for 
two-address except that the next in 
struction address is generated as the 
sum of the operand address and the 
next instruction partial address 


Other programming techniques 


In the examples used, serial storage 
has been assumed where storage loca- 
tions were selected by comparison 
with a current-address register. It 
the storage element is a random-a 
cess store, then the coincidence de 
tection is not required. The transfer 
of address information from the in 
struction register to the address regis 
ter causes activation of the storage 
selection circuits and nearly immedi 
ate readout of the stored information 
Since the time required for selection 
of information from storage is fixed, 


HOWARD lL. ENGEL 





the operation initiation in the arith 
metic element takes place immedi 
ately. The basic operation of the 
control in either a parallel or serial 
computer is the same 

In some digital computers the se- 
quence of instructions is not stored 
in the internal storage of the com- 
puter, but is defined by a separate se 
quencing device. For instance, the 
sequence may be defined by a diode 
matrix. The input lines of the matrix 
are activated sequentially by a com 
mutating device, such as a counter 
I'he decoded matrix output is a large 
number of wires that can act as the 
computer control. If a particular ad 
dress is desired from storage, the 
first wire would go directly to the 
proper storag selection circuits and 
the second to the arithmetic element 
to activate a particular operation sub- 
sequence. By wiring these matrix out 
put lines with suitable isolating diodes 
to the other elements of the com 
puter, control is accomplished. 

This type of wired-in control does 
not suffer from possible loss of pro- 
gram due to momentary power failure 
and, consequently, is often used in 
control applications where the prob 
lem is fixed and reliability is of the 
utmost importance, General-purpos¢ 
digital computers, however, rarely us¢ 
this type of control since it is difh 
cult to modify the program. In some 
cases, where a digital computer is to 
be used for a limited number of prob 
lems, complete controls in the form 
of wired matrices are plugged in to 
provide the instruction sequence for 
this limited number of problems 


ELWOOD €E. 


Dr, Engel, a member of the senior staff of The Ramo-Wool As associate head 


dridge Corp., 


is in charge of systems analysis and logical design 


BOLLES 


the Digital Control 


Micro-programming 


Micro-programming is a techniqu 
sometimes utilized in the design of 
digital computers. Here the arithm« 
tic and control sub-sequence are a 
tually a part of the instruction se- 
quence. Each detail of the control 
of the gates and transfer paths within 
the computer is controlled by the pro 
gram sequence. Since all these fun 
tions are directly under the control of 
the programmer, it is possible to 
achieve extreme flexibility in the op 
erational characteristics of the com 
puter. The program or instruction se 
quence necessarily must be extremely 
detailed, since the programmer is, in 
essence, designing the, characteristics 
of the machine that he is to use. This 
technique is used where a minimum of 
equipment is required and program 
ming effort is not of concern 

In examples of controls, address: 
referred to storage; however, it should 
be noted that input and output equip 
ment, which are integral parts of the 
computing system, can also be speci 
fied by address. The general remarks 
concerning address reference to stor- 
age also relate to address reference 
to the input or output 

Even though the detailed mech 
inization of controls varies greath 
from computer to computer, the fun 
damental purpose of the control r 
mains the same; namely, that of s¢ 
lecting instructions to be performed, 
interpreting these instructions, and 
causing the other 
omputer to carry out the 
required for problem 


elements of the 
functions 
olution 
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W ooldndge Corp omputer System 1) M Boll la 
of general-purpose computers for military systems applications, He responsibilty for development of digital computin tems 1 
received a BS from Carnegie Tech in 1944 and then spent two military real-time contro] problems. I BS hy 
years in the Navy \ vear at Northrop Aircraft followed, and from the University of Washington, Seatt i iv4 i in 
in 1948 he received an MS in aeronautics from Cal Tech. In MS from the University of California in 1945. After a year in 
1950, after earning a PhD in engineering mechanics from Stan Cal U.’s digital computer development program, | t to 
ford University, he joined Hughes Aircraft to do computer sys Hughes Aircraft, where for five years he did work in the d p 
tems analysis and logical design and to work on business-data ment and flighit-testing of airborne digital computin ter 
handling systems. He came to Ramo-Wooldridge in 1954 He joined the staff of Ramo-Wooldridge in 1954 
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ELECTROPHOTOGRAPHIC 
RECORDING 


You rbsked For This! OSCILLOGRAPH 
ONLY THE REVOLUTIONARY CENTURY ELECTROGRAPH OFFERS THESE FEATURES 


@ Permanent instantaneous oscillograms ® Utilizes sensitive light-beam galvanometers 

@ Eliminates need for messy liquid chemicals @ Up to 24 traces on eight inch paper 

@ No darkroom required @ Traces can overlap 

@ Automatic continuous dry processing @ Precision timing lines 

@ View oscillogram while recording © Low power consumption 

Century's engineers are the first to accomplish the RADICALLY new technique of Electrophotography 

long dreamed-for wedding of photographic re- combined with light-beam galvanometers 

cording and completely automatic dry processing 

to eliminate the need for costly darkroom facilities NOW investigate CENTURY ELECTROGRAPH—the 

and liquid developing, rinsing and fixing. most modern approach to simplified oscillographic 
The greatest advancement in the technique of mul- recording — when planning your instrumentation 

ti-channel oscillograph recording in over 20 years, program whether for research, engineering, test, 

the CENTURY ELECTROGRAPH is essentially a quality control, process control, or any other 

direct-writing recording oscillograph utilizing the analog recording requirement 

COSTS NO MORE THAN OLD-FASHIONED METHODS 


q Ds Century Electronics & Instruments, Inc. 
1333 NO. UTICA, TULSA, OKLAHOMA 


For further information, call on our nearest representative 


EXPORT OFFICE: 149 BROADWAY, NEW YORK CITY — TEL: BARCLAY 7.0562 


PHILA WASH. AREA NY NEW ENGLAND AREA MIDWEST AREA TEXAS WM. AREA ARIZONA AREA SO CALIF AREA WO. CALIFORNIA 
4447 N BODINE ST 79. 46 NORTHERN BLVD 363 W. FIRST ST 5526 DYER ST 3686 BAKER PL 40 50. LOS ROBLES 2015 £1. CAMINO REAL 
PHILADELPHIA 40, PA LONG ISLAND CITY 1, WY DAYTON 2. OHIO DALLAS, TEXAS TUCSON, ARIZONA PASADENA 1, CAL REDWOOD CiTY 
TEL: MICHIGAN 4.1822 TEL: STILLWELL 4.7120 TEL: FULTON 9292 TEL.: EMERSON 6716 TEL: 7-1501 TEL: RYAN 1.9663 TEL. EMERSON 6-6214 
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Modern successor to the galvanom- 
eter thie comniletalw electronic in.- 


Two-phase reversible motors 

Ideal for use in servomechanisms, computers, null cir- 
cuits. High torque. Fully enclosed. Self-lubricating. 
Many variations in pinion, shaft, lead wires, and con- 
struction materials available for special requirements. 


Specifications 





No-load speed —rpm 1620 


| anette 
| 
| 


Rated torque—in.oz | 
PORT ae | 
| 


Max. torque—in.oz 


rpm for max. power | 15 





Reference data: instrumentation Data Sheet 10.20-2 
Prices trom $42.00 (lower on quantity orders) 


Converters 


Convert d-c signals as small as 10° volt to a-c. SPDT 
switching action. Sensitive, stable performance 
ideal for computers, servomechanisms, balancing cir- 
cuits. Numerous special features can be provided for 
special needs. 


Available in these ratings 





Nominal frequency, cps 


Synchronous range, cps 23 45-66 
Driving coil power 6.3 volts, 60 ma 
! 


Reference data: Instrumentation Data Sheets 10.20-1 and 10.20-5 
Prices from $36.00 (even more favorable for quantity purchases) 
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Input transformers 


Handle low-frequency a-c, or chopper-modulated d-c 
signals from .0005 to 200 millivolts, such as are gener 
ated by thermocouples or other transducers. Designed 
with highly efficient shielding. 


Choose from three models 355567-1 356326 355567-2 


Primary turns (% primary) 600 1,094 | 3,400 

(center Resistance (approx. 30 ohms 450 ohms | 750 ohms 

tapped) 60 cps impedance 1,300 ohms 7,500 ohms | 50,000 ohms 
impedance, full pri 5,200 ohms 30,000 ohms 200,000 ohms 


Secondary turns 9,600 17,500 | 12,000 
Resistance (approx) 2,500 ohms 5,800 ohm 3,400 ohms 

Capacity to tune to | 

60 cycles 015 mfd 001 mid. | 003 mid 


Weight 7.1 oz | 6 oz 














Prices from $21.00 (even more favorable on quantity purchases) 


Amplifiers 


As a basic link in the servo loop, the Brown amplifier 
converts a d-c input signal to ac, and amplifies the 
signal sufficiently to drive a two-phase balancing 
motor. Readily adaptable to various measuring, bal 
ancing, and positioning applications. 


Select from these basic models 


Sensitivity 
| (Microvolts) 


| Gain Nominal Input Impedance 
| 7 (Ohms) 

| . - 

10¢ 40 50 ,000* 


| 
12 x 10¢ 


40 x 10¢ 2200 


| 

| 

| 

— 

4x 10¢ 
aad 


*Special for high impedance sources 
Prices from $98.50 (even more favorable prices on quantity orders) 
Reference data instrumentation Data Sheets 1020-3 and 10 20-4 
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Modern successor to the galvanom- 
eter, this completely electronic in- 
strument is sensitive enough for your 
laboratory, rugged enough for your 
factory. It’s fast, simple, compact, 
readily portable. It needs no special 
leveling or mounting. It withstands 
heavy overloads, vibration and 


shock. 
Specifications 


Period — less than '4 second 
Sensitivity—adjustable to .001 
microamp./mm. (1 
microvolt /mm.). 
Input impedance— 1000 ohms at max 
sensitivity 
Overload Rating—1 volt at max. sen 
sitivity 
Stability— less than 1 mm. zero 
shift /hour 
Domping— critically damped, in- 
dependent of external 
resistance 
Scale— 2%" radius, marked 
1 to +1! in mm. or 
4to +4 in cm. 
Terminals — input and ground; for 
spade, pin or banana 
plugs 
Power—115 volts, 60 cycles, 
8 watts. 


Choose Brown servo components 


- «high quality 


ee fast delivery 


Here are the building blocks of high-performance servo systems .. . 
here are top-quality components for your instrument circuits, for 
research or for production applications. 


These Brown components have been used for years in critical applica- 
tions. They are ideal for remote positioners, null balance circuits, 
analog and coordinate translators, servo loops. Order a few for proto- 
type development, or quantities for production use. Numerous special 
features can be provided to meet special requirements. 


Order now! Write or phone for immediate quotation. Delivery is 
prompt, dependable. MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, Wayne and Windrim Avenues, Philadelphia 44, 
Pa.—in Canada, Toronto 17, Ontario. 


H MINNEAPOLIS 
H BROWN INSTRUMENTS 


Fouts we Covttiol 


Prices and specifications subject to change without notice 





IDEAS AT WORK 


Foxboro D/P cell 
topworks 60° range 


THE PROBLEM: A flow meter able to 
operate on thick slurries and non-New- 
tonian fluids such as cellulose acetate 
dope was needed. This meter had to 


have a standard pneumatic output and 


Adapted to fit 
D/P cell topworks 


had to be unaffected by the metered 


liquid. 


THE SOLUTION: A basic flow-sensing 
device was originated by the com- 
pany. The diagram at the right reveals 
that it consists of a disc suspended in- 
side the center of a straight pipe sec- 
tion by a force balance mechanism. 
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Drag Disc Design Copes with Tough Flows 


G. A. MARTIN and D. DERUITER 
Canadian Chemical Co., Ltd. 


In February 1954 Canadian Chemi 
cal’s Process Control group got a “re 
quest for service” from the Prepara 
tion Dept. of the Yarn area, asking for 
a way to continuously meter the flow 
of acetate into its dope filters. A sur 
vey of commercially available flow 
meters revealed no unit suitable for 
handling this viscous, thixotropic 
liquid. Hence the group decided to 
try to design a meter using, as fat 
is possible, parts from available units. 

Ihe basic plan was to suspend a 
carefully sized metal disc inside the 
pipe-flowing liquid and then measure 
the drag force through a lever and 
force-balance mechanism. ‘The first 
experimental model incorporated the 
force-balance unit from a Foxboro 
model 3A d/p cell, This meter was 
to be inserted in the pipe using a 
flange stub; later this was changed to a 
short, flanged spool piece, which per- 
mits much closer tolerances 
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Preliminary tests on the 
were very satisfactory output was 
stable and followed flow variation 
closely. But at this stage an accurate 
calibration was not possible, due to 
the combination of an untried meter 
and thixotropic fluid. However, a 
composite “‘factor’’ was worked out 
in field trials and proved satisfactory 
in the installation. 


prototype 


More applications 


“drag 
measuring a stream 
of weak acetic acid in the Celluloss 
Acetate area. ‘The new meter re 
placed a venturi piezometet 
taps were constantly plugging with 
fine cellulose and particles 


A second application for the 


disc”” meter was 


W hose 


acetate 
It was first placed in series with the 
venturi and the field tests were made 
to calibrate it. ‘These tests also indi 
cated that the calculations for disc size 
were in error 

The Petrochemical Area provided 
the third and fourth applications for 
the drag disc meter: handling an or 


it aly st 
removing 


ganic liquid and a granular 
slurry under high pressure 

an elaborate, uncertain purging sys 
tem for the former venturi taps). In 
the high-pressure measurement, how 
ever, the original meter 


proved impractical for the 


onhguration 
mall, l-in 

pipe. ‘This problem wa lved by ex 
tending the dis¢ 
from the force-balance 
to avoid flow interference in the 
entry way. ‘This modification remain 
A fifth application also 
the Petrochemical Area 
1 hot, saturated solution 
thritol which tended to 


orifice 


uppo t up tream 
od entry point 


mall 


iTOSs¢ in 
measuring 
of pentacry 
rystallize in 
required a 


pressure tap ind 


cumbersome hot purgs 
Calibration technique 


A method was developed for shop 
calibrating the drag dis to do 
iway with the weigh barrel procedure 
used in the plant. The fully assem 
bled meter is now clamped in a vise 
ind the center of the spool piece is 
lined up with a 


meter 


special pulley and 





ket. A thin wire is hooked on readjusting maximum output press 
enter of the disc and laid over the 
pulley. Weights equaling the 


lated drag force (in this cas¢ development of a formal method of the useful limits of the Beta ratio have 

ind 13 oz) are attached to the calculating the meter range. The pro not yet 

ind output pressure of the tran cedure, with 
mitter is adjusted to 15 psi. After 


' 
Crh 


tions agre¢ it! experimental 
calibration is completed results and n x relied upon at 


Coincidental with calibration was high Reynolds number However 


been determined as a fun 
i sample calculation, is tion of Reynolds number 
shown on the opposite page ratios at low Reynold 
the zero point and possibh Results to date show the 


and low 
numbers can be 


calcula woided by usu maller pip 


CALCULATING THE DRAG FLOW METER 


1. Developing Its Flow Equation 
The flow through an 


wn Rotameter 


2. Evaluating Effect of Lever Extension 


innul Sin the ever of the fo 


orce mani 

n the Drag D Flowmeter 
lesign, an expr mn” 

on the extended lever 

ne output pressul I anismiutter 


mass flow rate—Ilb/hr rrangement is shown t below 


annular area of aperture—asaq It 
cross-sectional area of float 
volume of float—cu ft 
density of float—lb/cu ft 
density of fluid—tb ‘cu ft 
gravitational constant—32.17 ft 
discharge coefficient 


aq ft 


ition the drag force 


total drag force ib 
D diameter of meter run—in 
d diameter of drag dise—in 
; d/D 

specific gravity of fluid 


Young’s modulus for flex 
moment of inertia of « 


umed with 


wetted’ perimeter ft 
absolute viscosity of fluid—lb 


Where: «¢ extension length of 
be written 


force F, 
the lifferent 


‘ o t} 


ng « 
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Kange Bellows Kange Minimum Force Maximum Force I rom thi: table the drag force range of a seri of combinations 
NO in inch Hy in Ib for 15 pai in Ib for 15 pei of bellows types and level extensions can be ilculated with 


e O- 6 to 0- 79 2.4 9.0 4 ‘ 2 . , > . the drag torce F 
i O~ 8D to 0-129 5 10.7 the aid of Equation 13, where Fa: represents the drag e Fg. 


3 lenct} 
‘ 0-130 to 0-249 Those force ranges are plotted in Figure 3 for extension lengths 


) 0-250 to 0O~ ) 
; »- 2) to 0-009 13.4 w.4 arying from 1 in. to 10 in 


HERE’S A SAMPLE CALCULATION 


1. Presenting the Flow Problem x determined. Several disc sizes may have 
urrive at a satisfactory extension length. ‘The 

A Drag Dise Flowmeter has to be designed for a flow of is determined by the physical limitation 

pentaerythritol given by 

Flowrate: 30,000 Ib /hr emin = 4D + Lin. 

Meter run: 2 in. SCH.108 (ID = 2.157 in.) Due 


- to design considerations, the extension 
Sp. gr. at flow temp: 1.03 


kept as small as possible. The disc size should 


2. Determining Extension Length, tween 0.5D and 0.8D mn 
Bellows Range, & Disc Size e try 6 = 06 


Then 5? 
1.067 
Equation 3 e ~ ssocp 1” PF, 
V7 6 , 1.44 a 
and V Fa 067 0 * 1.35 
Experiments have indicated that in the range of Reynolds me 
numbers being used, the discharge coefficient C constant In order to have a good measuring range, a bellows range 
0.565 ind an extension length e 4 in., are selected from Figure 
(his allows the maximum load to be varied from 
VPs 0.87/1.35 x 100% to 1.76/1.35 x 100% 
or 64.5 to 130 percent of the design load. The disc size now 
! @ 


and 1,44 , VP ia becomes: d 0.6 x 2.157 1.294 in., and the drag force 


: 30,000 - 
Thus , 16850 * 0.565 & 2.157 2 - 
Vv 1.08 


es 


for 15 psi transmitter output: Fa 1.3 1.82 lb or 1 Ib 
A disc size must be selected so that the required force range may aml 13 oz. 


Simple Wide-Band Impedance Measurements 


Here is a simple instrument that can be very useful in finding the effects of loading, 
resonances, reflections, etc., on the frequency response of transducers or other fre- 
quency-sensitive elements that exhibit electrical impedance as a significant parameter. 





EDWARD 5S. SHEPARD SR. 


AiResearch Mfg. Co. 
Ac source 


The old “three-voltmeter’” method 
is a powerful tool for determining 
electrical impedance. Because it can 
give accurate results over a wide fre 
quency range, it is useful for studying 
those components whose frequency re 
sponse is reflected in a variation of Constant- 
impedance with frequency change, current 
such as transducers, transformers, and resistor 
clectromechanical actuators. A simple 
instrumentation now makes the tech 
nique very convenient, too, A varia 
ble-frequency oscillator and a vacuum 
tube voltmeter are the only needed 
auxiliary equipment. 

Impedance measurement is made by Sn, re 
comparing the voltage drop across the Re lL. 
unknown impedance with the voltage Ree > 
drop across a resistive standard that 
has been placed in series with the ee _ — ——— 


unknown, as in Figure 1A. The con FIG. 1. (A) Series circuit for measuring unknown impedance Z; 
stant-current resistor should be about (B) the resulting impedance diagram. 
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60 


40 


20 





0~ 


RA, is a knob 
reading 


Eg /s adjusted to 
read unity 


AT WORK 











i 





20 40 60 80 
R, ohms | 
— 


$ — Dre R,, 


FIG. 2. 


>! ae RS 1 
100 120/140 160 


Construction for obtaining reactance and ac re 
sistance of unknown from measured impedance magnitudes. 























Vacuum 


FIG. 3. Circuit of the Impedometer. 


100 times the standard resistance 
The voltages indicated are proportion 
al to the magnitude of the impedances 
in the vector diagram of Figure 1B 
The impedance triangle can then be 
constructed graphically, as in Figure 2. 

Two selector switches and two re- 
sistance decades are all that are needed 
to build the simple instrument (called 
an Impedometer) schematized in 
Figure 3. Its use greatly simplifies 
the procedure for obtaining the pro 
portional voltages of Figure 1. An 
audio oscillator of good waveform, 
preferably with an output impedance 
of 1,000 ohms or less, is required as 
A sensitive vacuum 
tube voltmeter such as the Ballantine 
model 300 should be used to measure 
the voltages 


a voltage source 


Measuring procedure 


l'o measure an unknown impedance 
with the Impedometer, the standard 
resistance decade switch is set at the 
value nearest the estimated value of 
the unknown. With the “RZ 
switch at R, the oscillator output is 
adjusted to give a reading of 1.0, 0.1 
or some other power of 10 on the 
voltmeter. This reading is then in 
terpreted as 100 percent of the stand 
ard resistance. Turning the RZI 
switch to the Z position then gives 
a voltmeter reading proportional to 
the unknown impedance. For exam 


voltmeter | 
| 


ple, if the voltmeter were set to 1.0 
volt in the R position with the stand 
ard resistance switch set at 100 ohms, 
and the voltmeter reads 2.38 in the 
Z position, the unknown impedance 
is equal to 238 percent of 100, or 
238 ohms 

Ihe total impedance can be found 
similarly. ‘These readings are still only 
the magnitudes of the impedances 
(hese magnitudes must be plotted as 
in Figure 2 to find the reactance and 
ic resistance of the unknown. An 
arc of radius Z, constructed about 
the origin will intersect an are of 


100k 


0 Oe_—__-_——————- 
38k 
20k 


)* 








FIG. 4. Accuracy depends 
on loading effect of voltmeter 


radius Z constructed about the end 
of the zero-angle vector representing 
the known standard resistance R 
Ihe intersection of these ares de 
termines the impedance triangle, ‘The 
sign of the reactance must be found 
independently if a small capacitor 
in parallel with the unknown lower 
its measured impedance, the reactance 
ign is negative, i. ¢., the impedance is 
capacitive 

The impedance of an unknown 
may be di played dynamically by using 
illator as 
ource and connecting a cathode-ray 


oscilloscope to the VI'VM_ terminals 
of the Imped meter 


d weeping 0) 


the voltage 


I he oscilloscope 
can be calibrate is above by switching 


from R to 7 


impedance val to be read from 


permitting actual 


the creen 

Measurement accuracy is essentially 
itmete used Be 
wuse the Im pce ice measurement 15 
btained as tl vi oltage 
the voltmeter ule i logarith 


limited by tl 


mic scale to meter error 


the range 


i constant pe f ! 

voltmet ’ relatively large 

percentage ¢1 the zero end ot 

the scale 
Loading of th 


iput impedan f the 


I incall 


Impedometer by the 
lteter also 
luces some it high moped 
ince values al g quence 
is illustrated b 
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The U. S. S. Boston (CAG-1), the Navy's first guided missile cruiser, with Terrier Missiles and their launchers at the stern 


NAVY BUREAU OF ORDNANCE DEVELOPS WEAPON SYSTEMS 
FOR USE AGAINST ATTACK BY SEA OR AIR 


The recent unveiling of the Navy's first ready-for 
combat anti-aircraft guided missile weapon system 

TERRIER—is but one result of the research and 
development work being done by the U. S. Navy’s 
Bureau of Ordnance and a coordinated team of 
industrial and educational institutions. 

From its establishment in 1842, the Bureau of 
Ordnance has provided the weapons with which the 
Navy has fought victoriously in six wars. With the 
evolution of armament, from the first muzzle loading 
cannons to today’s complex weapons systems, it has 
directed the design development, and production 
of the computers, fire control and other types of 
equipment comprising the Navy's air, 
underwater ordnance 


surface, and 


The Research and Development Division of 
Bureau of Ordnance has the responsibility of init 
ing and coordinating the research and development 
of the many projects which result in such end prod 
ucts as guided missiles homing torpedos ure 
laid mines, and the launching and control syst 
for these weapons 

The job of guiding a key element of a mode 
day weapon system from the idea stage to the rea 
for-combat stage involves a wealth of technolog 
drawing upon the skill, farsightedness, and coura 
ot responsible scientific and technical personne 
the Bureau of Ordnance and its laboratoric 
their counterparts in universities and = in 
organizations. 


eries of ads on the technical 


the Department of Defense 


(@ FORD INSTRUMENT COMPANY 
DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, New York 


Beverly Hills, Cal ° 


Dayton, Ohio 


Ford Instrument Company engineer 





of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. 
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placing equipment designed for Navy 
instrument in one of the enviro 


mental test chambers 
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© mows ‘ 
rY 


Simple Servos 
Wind 
Computer Tape 


A properly damped contactor servo assures 
smooth, trouble-free performance by the tape- 


storage reels of computer magnetic-tape-trans- 


port mechanisms that must start or stop the tape 


quickly and frequently. 


R. M. BRUMBAUGH, Ampex Corp. 


Magnet tape-transport mechanisms 
for computers must be able to start 
and stop the tape very quickly—in the 
order of a few milliseconds. And what 
may be even more important, the start 
and stop characteristics must be « 
sistent trom one operation to the next; 
i.e., the same amount of time and 
length of tape must be consumed by 
each start or stop 

lo get fast starts and stops, the 
relatively large inertia of the reels must 
be isolated from the section of tape 
near the record and reproduce heads 
This low-inertia section can then be 
accelerated very rapidly provided ther 
is sufficient “free’’ tape storage be 
tween the constantly-running capstan 
to which the tape is pinched for driv 
ing force, and the reel, which must 
start and stop very slowly. The mecha 
nism that provides this tape storags 
must uniform tension 
in the tape during running, starting, 
and stoppmg. For maximum repeat 
ability of start and stop characteristic 
response should be smooth. 

Electronic servomechanisms offer 
controllability of response, but 
ire quite complex and costly for taps 
transport mechanisms. A “on 
oft” controiler offers maximum relia 
bility and simplicity, but the respons¢ 
usually leaves much to be de The 
system described here combines th« 
best features of both implicity, relia 
bility mooth response 


ilso maintain 


Casy 


tep or 


ire d 


ind 
A practical solution 


The diagram shows the ¢ 


ential 


details of the 


tape reel 


ervo system for one 
l'ape is stored in the loops 
between the ind the ree!) 


tape 


capstan 
UU stati 

established by the tensioning spring 
The length of the and the 
position of the arm are 
uch that the almost 
constant over the full displacement 
of the loop take-up arm 
tape tension 


Quiescent or tension | 
pring 
pring lever 
tape tension 1 
Ou scent 
3 oz) is balanced by a 
motor torque determined by the motor 
bias resistor. The actual system ha 
two bias torque level ind 
enough purposely introduced friction 
to eliminate 


tie h 


contact 
ot reel 


hunting and 


bounce over the 


entire range 
load 


Che 


contactor 1 


control restrained 
by the centering springs, and this 
tablishes the neutral position of the 
loop take-up arm. A sudden supply 
from the capstan 
input signal to 
tending to reduce o1 
Che take-up 
unbalance 
witches the 
winding to the ap 
phasing trans 
motor 


or demand of tap 
ection acts a in 
the reel ser 
increase the tape tension 
vith the 


ontactor, in 


Imm =move 
The 


notor’ 


roree 
turn, 
in-phase 
propriate side of the 
rormer 
drive the 
tore the loop take up arm and con 
tactor to neutral by taking tape from, 
oI upply ing tape to, the storage loops 
rror-rate re included by 
mechanically mall dash 
pot to the control contactor, as shown 
in Figure 1. The force ipplied by 
the dashpot proportional to the 
rate of di pla ement of the take up 
irm. It acts to close the 


Full-power torque 


reel in a direction to re 


pon C 15 


connecting a 


contactor 


more quickl the inm dis 
faster 


operating iiation 


take up 
thus to minimize 
due to full or 
reels, dilterent tape speeds, etc. 


ind 


pl ice 


empty 
Easy rewind is a bonus 


High-speed tape rewind is also very 
with this servo By re 


powe rom on 


onvenient 


moving reel 


servo, 
the tension-balancing torque is elimin 
ited 


then causes the 


The differential in tape tension 
ther reel to take up 
peed. Rewind 
is Stopped by restoring control to the 
disabled ser ‘otal rewind time for 
1 standard 2,400-ft, 10-in. reel is less 
than ; 
Cn que non which 
isked Are contacts reliable 
ciently ed for thi 
\s it happen ircumstances are 
favorable thar they 
lirst, ac isu 
of metal 
tact ticking , 


mor important! vhen 


the tape it maximum 


hit 

might be 
and sufh 
long-li pplication? 
more 
might ippear 
| to reduce the problems 
transte and con 
ind possibly 


pitting 
ma 
tape 15 de- 
manded by the ipstan at rates greater 
than about ten start per second, the 
integrates this motion into an 
iverage rece) Chu the 
tacts make and br le than 


timne per Ti vorst po 


CTvVvoO 
pecd con 
ten 


ible 


condition 


In actual life tests, under full powe! 
load, the contacts 
) million cycles with 
than 50 percent of the 
material re useful service 
At an assumed average of five contact 
operations per second, this would rep 
resent about 0 hours as half the 
life of the « 


to an induct 


have made over ¢ 
mor contact 


maining tor 


mtact 
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* Economical “2 in 1” Design 
* Peak Performance 


* Absolute Protection 
* Maximum Interchangeability 


CONSOLIDATED SAFETY RELIEF VALVES GIVE 


Consolidated Safety Relief Valves satisfy every 
requirement of the most advanced processing 
facilities. Valve action is consistently positive. 
You get peak performance even where discharge 
lines are long or there is low “superimposed” 
back pressure in the relieving system! 


The Standard type can be converted to Bellows 
type in the field. Center-to-face dimensions of 
inlet and outlet are such that you can interchange 











these valves with the safety relief valves of other 
manufacturers. Real flexibility of application that 
cuts inventory costs! Optically-ground flat seat- 
ing surface and fewer functional parts than com- 
parable valves contribute greatly to easier, more 
economical maintenance. 

Get top economy and absolute protection with 
Consolidated Safety Relief Valves. Full range of 
sizes and pressures available. Write for Catalog 
1900 for complete information 


CERTIFIED AND APPROVED. Both Standard and Bellows Valves are approved under 
API-ASME and ASME Unfired Pressure Vessel Codes and are certified by the National 
Board of Boiler and Pressure Vessel Inspectors 


In Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 


LIDATED ==::-- VALVES 


A product of MANNING, MAXWELL & MOORE, INC. TULSA, OKLAHOMA 


MAKERS OF ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, 


BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES, Muskegon, Mich. 
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YOU ALL FOUR~AND MORE 


ASHCROFT’ GAUGES, ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, 
‘AMERICAN-MICROSEN’ INDUSTRIAL ELECTRONIC INSTRUMENTS, Strafford, Conn HANCOCK’ VALVES, Waotertown, 


AIRCRAFT CONTROL PRODUCTS, Danbury & Stratford, Conn. and Inglewood, Calif. ‘‘SHAW-BOX' AND ‘LOAD LIFTER’ CRANES, 


IDEAS AT WORK 


Easily Standardized Exposure Control 


Here’s an automatic control sys- 
tem with an especially simple stand- 
ardization scheme. It can be cali- 
brated on the spot for various film Balance 





and shutter speeds, and can allow 
for filters and intentional over- or 








circuit ] t, 





under-exposures. Feedback 
ystem 
Stondardize 


— 


DE WITT H. PICKENS* Aperture 


P position 
Tammen & Denison, Inc. 


1. Automatic exposure control system 


When it is remembered that “onc proper choice of the test geometry ystem is basically a closed-loop posi 


picture is worth a thousand words”, 0 that a single initial setting is satis tional servo system. Figure | 


its 


the advantage of a photographic in factory during a given test. But th functional diagram. Such a positional 


strumentation system over other sys ambient light conditions that dictate ystem is a velocity-type control 


SYS 


tems (such as radar) in common use the particular lens aperture setting to tem with the positional aspects attrib 


on ballistic test ranges becomes evi be used vary randomly and are at least utable only to the nature of the 


fee d 


dent. Photographs provide data on partly unpredictable In ballistics back signal; i. if the loop were 
target attitude as well as permanent range work, in which a target must opened, th tem would control out 
records of the test. often be tracked from horizon to put ve locity It follows from this that 

Che quality of a film record depends honzon through the zenith, the cam the positional accuracy of the system is 
on the camera and lens, atmospheric cra iris must be varied throughout its primarily a function of the wecuracy 
and light conditions, film type and entire range to achieve consistent film ind resolution of the feedback system 
filters, and the setting of camera pa exposure Response, delay, and stability are fur 


rameters by the operator. Most camera ee tions of the entire servo loop 
¢ Automatic iris control 
parameters, like focus and orientation Dhe 


of the field of view, can be limited bi The automat Kposi , photosense por the 


Photosensor 


rE 














Effectively constant 


>. 2. Standardization circuit and error detector 


FIG. 3. Characteristics of standardization circuit 


*Former with the Chicago Midway Labx 
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Get Tomorrow’s Higher Standards for 
Convenience and Accuracy Today 


with NEW EASE, 
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MODEL 1200 console is focal point of 

100-amplifier computer, serving (1) to 

tle together ali computing elements, (2) 

Q ‘ inhiaien as an input translator to set coefficients, 

Operator convenience, reduced maintenance and downtime, flexibility initial conditions, constants from key- 


“ ms board or punched tape, (3) as output 
and accuracy far beyond today’s standards are important advantages source for analog and digital recorders, 


. ° (4) as checking device to detect wirin 
offered in EASE* 1200 series console-operated computers. or pot-setting errors, (5) as contro! poin 
for switching, timing operations, and for 
indicating circuit amplifier overloads or 
circuit malfunctions, (6) switching point 
eae . for all primary power. 3600-terminai 
Specific features include: pussboure a Salor-cotes for simplified 
roblem patchin 
1. Complete keyboard control of all 9. Unitized design for complete flexibility and ° . 
problem parameters including initial future expansion 
conditions and coefficients 10. .01% accuracy—not only in passive 
. Automatic punched tape or card elements, but also featuring the ability 
attenuator setting to set gains completely through 
. Complete and aut tic digital amplifier to better than .01% 
recording of all problem parameters 
. Built-in static and dynamic 
problem checking system These are, of course, but a few of 
. Built-in 6-channel chart recorder, or the many adva nced-design fea- See us at the WESCON Show 
electric typewriter with punched tures that make ‘'Do it with EASE*”’ Booths 718-719 
tape readin—readout equipment more than just a slogan. Complete 
. Completely shielded patch cord and descriptive and techni- 


patch board system . 
. “Human engineered” centralized cal data will gladly be 


console design sent on request; please B er k y division 


. Instantoneous and “stored” address Dept. L8 


overload indication BECKMAN INSTRUMENTS INC. 


Phone: LAndscape 6-7730 
*TM for Electronic Analog Simulation Equipment by BERKELEY Richmond 3, California 
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@d exposure 








Uncontrolled 


z 
IV 


Elevotior 
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FIG. 4. Relative exposure, controlled and uncontrolled. 


imbient hght to generate a standard 
ized command signal, E,, which is am 
plified and used to drive a servomotor 
Che motor then drives the aperture 
control element and at the same time 
a feedback signal, E,. ‘This 
feedback signal is compared with the 
command signal in the comparison ci 
cuit and when the difference between 
these two signals is zero the error sig 
become zero and the motor 
stops in the position established by 
the characteristic of the feedback 
transducer. When light conditions 
change so that the command signal is 
not equal to the feedback signal, an 
ippears and drives the 
to a new position where the 
CIro!l ivt i] again becomes ZCTO 

If the feedback transducer has the 
correct characteristic, the desired lens 
iperture results. The feedback charac- 
teristic 1s theoretically square-law, but 

ictually modified because of non- 
camera iris linkage 


gencrate 


nal € 


erro ignal 
motor 


linearity in 
Standardization 


Ihe standardization method makes 
the system useful with a wide range of 
film typ Figures 2 and 3 illustrate 
the techniques for providing the sy 
tem with a relatively simple but a 
curate means of calibration 

Che standardization is effected elec 
trically, Figure 2, and has none of the 
mechanical shutters or slaved-aperture 
systems generally found in light-cali 
brated systems. At no point in the 
standardization procedure is the pho- 
tosensor disturbed, either in its aper 
ture or field of view; hence the 
operating range for the system is lim 
ited only by the saturation point of 
the phototube. Experience with the 
prototype model has shown that the 

inge of linear operation of the photo 


ufhcient to allow use of film 
inging from Kodachrome with a film 
peed of 10 to Shellburst Linagraph 
vith a film speed of 180 

(he standardization circuit estab 
lishes a variable reference level for the 
ystem The control 
iries the point on the feedback po 
tentiometer (and thus the aperture set 
ting) at which the comparison circuit 
balances the photosensor output for 
iny given light level 

lor balance to be effected, both the 
photosensor and feedback input sec- 
tions are biased at the same point, E, 


tube i 


tandardizing 


Further, this bias does not shift more 
than 2 percent as the standardization 
The unbal- 
mall variation is not 


iried over its 
ince due to thi 


range 


large enough to cause movement of the 

ervomotor in the prototype model 

of Figure 3 are charac 
tandardizing circuit 


The curve 
teristic of the 
lor a high-speed film an aperture set 
ting of fx would require a voltage of 
I » to appear at the fx position on 
the feedback potentiometer For a 
ow-speed film this voltage would have 
to be EF 
ignal, EF, 


, to balance the command 


ind make the error e. zero 
Standardizing procedure 


I'o standardize the exposure control 
ystem, a light-meter taken 
m a suitable surface to find a correct 
f-setting for the particular film and 
xposure time. The aperture is then 
manually held at this f-stop and, with 
the camera pointing at the 


reading is 


urface, the 
tandardization control is turned until 
in error signal indicator reads zero 
The standardization can then be 
hecked at random, even during a re 
ording mission 

This calibration method requires no 
highly-trained personnel and no com 


as 


F 


| a -_ 
— 
icy 


t = 
 — 


FIG. 5. Servo drive unit, photosensor lens 
and amplifier in foreground, Control unit 
is separate, about same size 


pl x equipment other than a light me 
ter which is a 
cameras. Beside 
range of films to 
ilso allows und 


tandard accessory for 

permitting a wide 
be used, the method 

TT over APOSUTC, a 
equired for special-pur 
pose photograph In this case the 
system is standardized at a greater or 


is someting 


lesser f-number than indicated by the 


hight meter, a ding to the degree of 
over- or under-exposure desired Thi 
ilso allows the ! ot 


tive filters sin 


pectral correc 
filter factors can be 


inserted by a su le over-exposure 


Test results 


In a performan test, the system 
Va tandard | and the theodolite 
darkest point of the 


kv around iset, then lowered in 


pointed at th 
elevation to a unt on the horizon a 
few degrees to the left of the sun. The 
theodolite was lowered at a uniform 
rate while making one exposure per 
econd 

Figure 4 shows the 
tive him densit 
both controlled 


po ure 


variation in rela 
uper XX film, for 


noncontrolled ex 


Base, Flori 
The 

ent ¢ 

Laboratori 

in of the 
Re hert 

ind Warren 


way Laborat 


personne ent Center 
in particular \ et who mtinuecc 
guidan ‘ ind ‘ ent ¢ ate 


icknowledged 
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NEW PRODUCTS 


1-7 Designs of the month 30-41 Controllers, Recorders, etc. 
LISTING IN GROUPS 52! Research & Test Equipment 42-47 Power Sources 


22-29 Primary Elements 48-58 Component Parts 


HYDROGEN THYRATRON for high impacts. 


A new hydrogen thyratron tube, the BL-257, designed 
for rugged vibration and high impact service, is now avail 
able. The tube is rated for 5 g vibration from 60 to 500 
cps and 3 g from 500 to 1,200 cps. The tube will ako 
stand a 60 g impact shock im any direction. Electrical 
ratings are 8.0 kv peak anode voltage, 90 amp peak current 
and 100 milliamp anode current. It is rated to operate 
over the temperature range of minus 50 degrees C to plus 
90 degrees C and for an altitude of 10,000 ft.—Bonac 
Laboratories, Inc., Beverly, Mass. 


Circle No. 9 on reply card 





HIGH TORQUE adjustable drive. 


1800 aki Chis 400-cycle adjustable-speed drive provides closely 

fated torque : 

1600! ot as regulated infinite adjustability in a range as high as 100:1] 
1400 a ~~ % of rated line voltage Regulated full-load — exceeds 18,000 rpm. Stepless re 
1200}. . og duction to speeds of less than 200 rpm may be accomplished 

& 1000 | be without reducing the load torque. The absence of brushes 

* 800 Curent and slip rings reduces radio interference and makes sup 

dr 1 tren z i 
600 NX curves pressors unnecessary. The a control results from 
100 | 4, manipulation of the negative feedback from a generator 
connected to the motor shaft. This velocity damping signal 
is fed to a compact amplifier, where the speed control | 

accomplished.—-WacLine Inc., 35 S. St. Clair St., Dayton 2 

Ohio 


Circle No. 2 on reply card 











DIGITAL encoder generates 24,000 groups/ sec. 


A digital encoder designed to accept 0 to 10 volts imput 
levels and generate 24.000 8 bit binary code grou pcr s 
defines the input at an overall accuracy of | part in 25¢ 
Ihe unit uses etched circuit plug-in cards to ease maint 
nance and increase operational reliability. ‘The package 
unit weighs only 8 lb and the overall dimensions are 637 in 
by 9% in. by 63 in. Miniature connectors, used to provide 
facilities for interconnection, are located on the front pane] 
for easy accessability.—Radiation, Inc., Melborne, Fla 


Circle No. 3 on reply card 
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SOLENOID VALVES have simplified spacers. 


These “B”-Type air and hydraulic control valves feature 
extremely high cycle operation. They are rated at 600 cycles 
per min for continuous operation on air, at pressures from 
40 to 150 psi; and can operate on air at 80 to 100 psi at 
much higher speeds. Exterior feed-type valves can be used 
in hydraulic service at pressures up to 250 psi using air for 
the pilot medium. Interior feed type valves can be used on 
oil from 40 to 150 psi at somewhat lower cycling speeds 

"he solenoid valves are of pilot-operated design. Th 
short stroke and small force needed by the solenoid means 
low amperage requirements, simplifying the electrical con 
trol circuit.—C. E. Hunt & Sons, Inc., Salem, Ohio 


Circle No. 4 on reply card 


HIGH POWER variable reactance. 


Chis instrument is used to introduce a standing wav 
of desired magnitude and phase in a waveguide transmi 
sion line. Rated at 300 kw peak power in matched line, the 
unit will operate directly at any power level up to the break 
down power level of the waveguide. The standing wav« 
ratio in the line can be varied from 1.02 to 2.0 by mean 
of a micrometer adjustment. The residual VSWR is les 
than 1.02 and the phase of the standing wave is indepen 
dently variable. The phase scale offers direct reading to 
0.5 mm.—Narda Corp., Mineola, N. Y. 


Circle No. § on reply card 


SERVO ERROR analyzed by test stand. 


A new servo error analyzer for all types of torque or contro} 
transmitters, receivers, and transformers is of the 60-400 
cycle variety. Designed primarily as a quality control instru 
ment for laboratory calibration, it is accurate to plus o1 
minus 10 sec in 10-deg steps and provides a stable indica 
tion of the fundamental null and the total harmonic null 
signal in millivolts. A phase-shift zero indicator is a function 
of the fundamental frequency with a resolution of 2 se 
Vhird and higher harmonic signals are attenuated 40 db on 
both 60- and 400-cycle setups.—Pennsylvania ‘Testing Lab 
Dovlestown Pa 


Circle No. @ on reply card 


EXPOSURE CONTROL for movie cameras. 


4 completely automatic exposure control system fo 
motion picture cameras 1s shown here. Completel If 
contained, the entire unit weighs only 34 |b (including th 
flashlight cells which drive it). The drive unit weighs onl 
a little over 1 Ib and is approximately 44 in. long and 

in. in diameter. The unique attachment was designed 
primarily for 16 mm and 35 mm camera The speed 
response of the control system can be varied to meet diff 
ent requirement Speeds which provide full travel from 
f2 to £22 in as little as one second can be achieved.—Flight 


Research, Inc., Richmond, Va 
Circle No. 7 on reply card 
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NEW PRODUCTS 


RESEARCH, DEVELOPMENT, & TEST 


SIGNAL SOURCE 
New | mx 


one part in 10 deg 


signal source is stable to 
It is tunable over 
a range of plus or minus 0.5 cps and 
is capable of a sine wave output of 4 
volts rms or a pulse output of | volt 
The signal source is temperature stabi 
lized to better than 0.01 deg C, and 
the output impedance of the unit 
is approximately 250 ohms.—Hycon 
Eastern, Inc., 75 Cambridge Parkway, 
Cambridge 42, Mass. 


Circle No. @ on reply card 


PRECISION VFO 


Precision variable frequency oscillator 
may be used as an exciter or a heter 
odyne frequency meter Ihe unit, 
when used as an exciter, has a fre 
quency range of 2 to 8 me continu 
ously variable in two bands. It will 
produce a sinusoidal 3-watt output 
When used as a frequency meter the 
transmitting range is 2 to 30 me, In 
addition, when used as a frequency 
meter, the receiver range is 2 to ap 
proximately 100 me 
of reading and setting accuracy is ac 
complished by a mechanical counter- 
dial system which is coupled to a spe- 
cial correction cam to provide a linear 
calibration curve-—The ‘Technical 
Material Corp., 700 Fenimore Rd., 
Mamaroneck, N. Y. 


Circle No. 9 on reply card 


114 CONTROL 


A high degree 


ENGINEERING 


DIGITAL VOLTMETER 


A four-digit digital voltmeter with a 
one-digit accuracy, automatic calibra 
tion, and 0.01 percent stability, will 
measure voltages in the range of 0.001 
to 999.9 scale and 11 megohms on all 
other scales. Calibration is continuous 
and automatic, as is polarity and range 
witching.—Electro Instruments, Inc., 
794 Rosecrans St., San Diego 10, 
Calif 

Circle No. 10 on reply card 


MEGOHMMETER 


New ohmmeter for high resistance 
measurements covers a range of 20 to 
5,000 million megohms in six ranges. 
I'he overall accuracy of the instru 
ment is plus or minus 3 percent of 
the center scale reading. ‘l'est voltages 
are continuously adjustable from 100 
to 1,000 volts de and both grounded 
and ungrounded test connections are 
available.—Federal Telephone & Ra- 
dio Co., 100 Kingland Rd., Clifton, 
N 

Circle No. 14 on reply card 


PULSE GENERATOR 


High current pulse generator for use 
in magnetic core systems delivers pos- 
itive-going rectangular wave current 
pulses of variable duration, rise-time 
and amplitude. Basically the unit is a 
4-stage unit comprising a multi-vi- 
brator, inverter-amplifier, cathode-fol 
lower and current amplifier. The mul 


EQUIPMENT 


ti-vibrator section permits the selection 
of any pulse-width from 1 to 40 
microsec while the inverter amplifer 
stage provides a rise time from UV 15 
to 1.0 microsec. The overall output 
amplitude can be varied from 0 to 2 
amp.—The Reflectone Corp Myano 
Lane, Stamford, Conn 


Circle No. 412 on reply card 


AUTOMATIC VTVM 


Automati 
meter provides fully automatic range 


vacuum-tube olt-ohm 


switching, automatic scale indicator 
lights, and direct reading on an 54-in 
meter. The unit 
dc voltages from 0.1 to 1,500 volts and 
incorporates complete burnout pro 
tection up to 2,000 volt The resi 
tance measuring scales provide cove! 
age from 0.5 ohms to | billion ohms 
in six ranges.—Leitch 

Corp., Manchester, N. H 


Circle No. 13 on reply card 


measure ic and 


Engineering 


MICROWAVE ATTENUATORS 


Calibrated variable attenuators repr 
ent an uninterrupted series for th 
frequency range of 2,600 to 15,000 
megacycles. These attenuators are al 
of the parallel vane type with dissipa 
tive elements of Pyrex vanes and an 
evaporated nichrome film. A_precis« 
dial is provided for accurate meas*ie 





f the displacement of the di 
ipative clements. Calibration is a 
curate to 0.3 db and is not affected b 
humidity or temperature variation 
[he general attenuation range is 0 
to 40 db with a calibration accurac\ 
of 0.2 db. Maximum VSWR is 1.1 
Narda (¢ orp Mineola, New York 


Circle No. 14 on reply card 


PATTERN GENERATOR 


\rbitrary pulse pattern i 
nl = positive pulse is the output of 
c pattern generator offered & 
hecking digital computer memory de 
Te hift registers, etc. It contain 
1 master pulse burst generator deliv 
ing up to 64 bits paced from t 
100,000 microsec, and two or mor 
burst generators triggered by the ma 
ter to deliver up to 16 pulse positive 
x negative paced and lasting from 
| to 1,200 microse Wang Lab 
ratori 7 Hurley St., Cambridge 41 
Ma 

Circle No. 45 on reply card 


LOW FREQUENCY SCOPE 


f! quency oscilloscope 

en developed with a response 

| 00 kilocycle Phi esponse 

flat to within 3 db from 0 to 300 

kilocvel Horizontal and ertical 
implifiers are identical, assuring a 

ite phase-angle measurement ind 
the instrument is sensitive to both 
lirect and alternating urrent ol 
ig [he unit is packaged to fit in 
tandard 19-in. relay racks or cabinet 


Hycon Mfg. Co., Pasadena, Calif 
Circle No. 16 on reply card 


KEARFOTT 
SERIES R900 
SYNCHROS 


Hue Ecole 


ba 3 


SIZE 11 
1.062" Diam 
ea a a 


4 


AD 


x |-45/64 
4 or 


HIGH ACCURACY 


Probable error 7 mins. Maximum error 10 mins. 


CORROSION RESISTANCE 
Stainless steel housings, shofts, bearings 
and laminations. 


NEW HIGH TEMPERATURE STABILITY 


LOW IN PRICE—IMMEDIATE DELIVERY 
Let us know your delivery requirements— 
write today. 


KEARFOTT COMPONENTS INCLUDE: 
Gyros, Servo Motors, Synchro, Servo and Magnetic 
Amplifiers, Tachometer Generators, Hermetic 

Rotary Seals, Aircraft Navigational Systems and 
other high accuracy mechanical, electrical and 
electronic components. 

Send for bulletin giving data of components of 
interest to you. 


mearjott 


A SYSBSIDianY oF 


\ 7 & 


KEARFOTT COMPANY, INC., LITTLE FALLS, MN. J. 


Soles and Engineering Offices: 1378 Main Avenve, Clifton, M. J 
: Midwest Office, 188 W. Randolph Street, Chicago, Ill. South Central Office: 6115 Denton Drive, Dotlas, Texas 


West Coast 
c 


Office: 253 N. Vinedo Avenue, Pasedenc, Collf 


-_-———aet 
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the F-104A 


goes steady 
with Lear 


The faster-than-thought 
speed of the Lockheed F-104A 
Starfighter has been made 
practicable by the automatic 
flight control system designed 
and produced by Lear in 
collaboration with Lockheed 
engineers. By damping out 
undesired oscillations in all 
axes more quickly than they can 
even register in a pilot’s 
brain, Lear’s 3-axis stability 
augmenter provides an ease 

of control comparable to a 
basic jet trainer. 


Lear inc 
Santa Monica, California 


— 
— 











THERMOCOUPLE REFERENCE 


rhermocouple reference junction pro 
vides 24 separate thermocouple units 
with a 
chromelalumel, or 


choice of iron-constantan, 
chromel-constan 
tan in cach of 12 independent ci 
cuits. At a 
150 deg F, 


tables are 


reference temperature of 
for which thermocouple 
available, the rated accuracy 
is 4 deg F under normal ambient con 
ditions.—Pace Engineering Co., 6914 


Beck Ave., North Hollywood, Calif 
Circle No. 417 on reply card 


TRANSISTOR CHECKER 


This junction transistor checker meas 
ures the significant characteristics of 
PNP or NPN transistors, namely col 
leakage with base grounded 
collector current at zero base current, 
and base-to-collector current gain at 
+.5 volts on the collector. The unit 
has self-contained batteries and do 
tim Lhe 
gain directly, showing up 


lec for 


not require any warm-up 
meter read 
defective unit 
gain Alfred \W 
32-44 Francis 
New York 


Circle No. 18 on reply card 


ind indicating relative 
Barber Laboratori 
Blvd., Flushing, 


Lewis 


DELAY LINE 


\ pushbutton decade delay line | 
i calibration 
it plus or minus | 
elected delay. Voltag 


now available with CCU 


racy evaluated 


percent of the 


are YOU 


the engineer 


NEW PRODUCTS 


rating for this new 00 volts can fit? 
de and delays are up to 2.1 
Specihcations for on 
1,000 ohms: rise 
and total »0 percent 
it 50.1 microsec delay Isc Corp., 
34 Bergen Blvd., Palisades Park, 
N. | 


unit 
mcrosec, 
model unped 


ance time, 2.0 micro 


ittcnuation 


Circle No. 19 on reply card 


If your the 
penetrating kind of 
mind interested in 

working on tomorrow 
precision need ol 
aviation today ou'll 
fit right in at Lear 
Excellent openings 
in Grand 
Rapids, Michigan; 
Elyria, Ohio 

Santa Monica, Calif 
Write Don Cook, 
Lear Inc., Dept. E-8, 
3171 So. Bundy Drive, 
Santa Monica, Calif 


available 


Aerodynamics 

Aeronautical design 

Aircraft electrical 
systems 


Automatic flight 
controls 

Computers 

Communications 
(aircraft) 

Electro-mechanics 

Electronic packaging 

Flight reference 
systems 

Flight instrumentation 

Fractional H.P. motors 

Gyroscopes 

Hydraulic systems 

Magnetic amplifiers 

Missile controls 

Navigation systems 
(aircraft) 

Process engineering 


Pumps (aircraft and 
industrial) 


FREQUENCY METER 


\ new frequency meter permits direct 


digital readings from on 
re 
cp to 42 mc, 


ratio 


frequency 
ind also functions as a 
frequency meter, 0 to | mega 
evel period meter, | microsee to 10 
million sec time 
2 megacycle event per unit time mx 
ter, and last but least, 
peed straightforward counter.—-Beck 
man Instruments, Inc., 2200 Wright 


Ave., Richmond 3, Calif 
Circle No. 20 on reply card 
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not a high 











cireuitry 


LEAR 


DC VOLTMETER 


1 self-calibrating dé 


pro. ice 


oltmeter 
better 


ove! i 


ICCUTACIC ot 
half of | percent 


ilizes the 


than on 
vide rang It ut 


eter-nul 


potentiom 
balanced method of measure 


ment Lhe balan ing voltage is taker 
off a calibrate 
connected acre in internal 14 


Iry-cell The full-scal ing¢ ire 


10 10 


1\U-furn potentiomet 
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LIQUIDOMETER 
SENSITIVE 
RELAY... 





SENSITIVITY 


q? 
VIBRATION 


The new Liquidometer 
miniature magnetic amplifier 
relay, model B250-1, 
features high sensitivity 
and vibration resistance. 


Designed for use in guided missiles, air- 
borne computers and circuits employing 
photocells, transistors or thermistors, 
the new 6 oz. Liquidometer relay has 
been designed to meet the requirements 
of MIL-R-5757C and MIL-E-5272A. 
The B250-1 has virtually no external 
magnetic fields. It requires no shock 
mounting. 


SPECIFICATIONS 
Sensitivity: 80 microwatts from 0-5000 
ohm resistive source, decreasing to 100 
microwatts for a 15,000 ohm source 
Vibration: 10 G's from 5 to 500 CPS 
Ambient Temperature: —55° to +100° C. 
Contact arrangement: DPDT 
Contact life: 100,000 operations at 2 
amps resistive 
Dimensions: 14 in, diameter by 2% in. 
long 
Weight: six ounces 


For complete details, write Dept, P 
for Bulletin 562. 


\/ 


wes 
THE 


LIQUIDOMETER corp 


SKUAMAN AVENUE AT 36 ST.,LONG ISLAND CITY I, N.Y. 
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NEW PRODUCTS 


1,000 volts de 
resistance of 10,000 oh pet volt 
Maximum current drain 

1.0 ma Nucleon 
Engineering Laboratori In ) 
Manadnock Rd., Wellesle: 
Ma 


| | 
vith a 


voltage source 1 


Circle No. 21 on reply card 


PRIMARY ELEMENTS 
PYROMETER 


Transmitting potentiomete: 
with automatic clectric thermo 
couple cold-junction compensation 1 
ivailable to span from 200 to 3,000 
deg I’. ‘The sensitivity of the instru 
ment is 0.003 millivolts per 0.1 deg I 
with an accuracy of plus or 
percent. The line voltage error is plu 
or minus 4 pe reent of th pan, while 
the ambient temperature error is plu 
or minus | per cent of the span. The 
overall speed of response of the instru 
ment is 0.2 se Manning, Maxwell 
, Stratford, Conn 
Circle No. 22 on reply card 


pyrom 
ctel 


minus | 


& Moore. In 


PRESSURE PICKUP 
Vhimble-sized pressure pickup is dé 
signed for high-vibration and tempei 
iture applications. Because it will with 
stand a 600 deg F, the 
maker than doubles the 
existing temperature range for thi 
type of transducer. A diaphragm and 
strain gage do the job.—Consolidated 
Electrodynamics Corp., 300 N. Sierra 
Madre Villa, Pasadena, Calif 

Circle No. 23 on reply card 


continuou 


Says if more 


til input 


n a built-in 


Hill Sl, 


FORCE TRANSDUCER 


Special force transducer ha 
ell of 20,000 Ib-capacity wit 
mum deflection of onhk 
under full load. It has a 
chanical frequency respons it 
1.900 cps ind will re pond to full 
thrust capacity in 3 microse Bald 
win-Lima-Hamilton Corp Philadel 
phia $2. Pa 

Circle No. 24 on reply card 


0.0005 
natu 


¥f about 


PORQUE TRANSDUCER 


l'orque transducer has no mechanical 
or electrical contacts between rotating 
haft and pickup housing. Reproduci- 
bility of 0.1 percent and resolution of 
0.02 percent permit the us 

trument in a 


of one in 
wide range of torque 
Variou 
imbient temperatures 
from minus 145 to plus 1,200 deg I 
while the linearity of all models is 2 
percent.—Crescent Engineering and 
Research Co 11632 McBean St., 
Fl Monte, Calif 

Circle No. 25 on 
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SERVO TACHOMETER 


\ size-15 tachometer-s 
bination, 
stable 


featuring al 


generator sector 





veloped. The null-voltage of the drag 
cup tachometer is said to be a 
maximum of 8 millivolts in-phase and 
approximately 10 millivolts quadrature. 
The output voltage of the generator 
is 3.2 volts per 1,000 rpm with an 
input of 115 volts, 400 cps on phase 
1 and 115 or 230 volts on the control 
phase. The output torque of the mo 
tor is rated at 1.5 in.-oz at stall. ‘The 
no-load speed is 4,500 rpm.—Basler 
Electronics, Inc., Highland, II] 

Circle No. 26 on reply card 


THERMOCOUPLE GLANDS 
Wire thermocouple glands provide 
easy entrance into pressure vessels of 
1, 2, 4, 6, or 8 wires by an exclusive 
method of sealing bare wire at pressures 
from full vacuum to 20,000 psi. Glands 
may be operated from minus 300 to 
plus 1,850 deg F’.—-Conax Corp., 7811 
Sheridan Dr., Buffalo, N. Y. 
Circle No. 27 on reply card 


RATE GYRO 

New rate gyro is powered by a de 
motor and governor-controlled so that 
the outupt is independent of line volt 
age. The unit also incorporates a dash- 
pot for damping, and the natural fre 
quency of the gyro is in the range of 
5 to 10 cps. The overall size is 2% in 
in diameter by 417 in. long. The total 


Designed for versatility— 
Built for long life... 


/VEW acro 


Split Contact 
SWITCH 


Model C-11008 
Actual Size ©, C2 
CIRCUIT DIAGRAM 


Tested up to 40 million 
actuations without failure! 


An important addition to the well-known Acro line is this 
new split contact snap-action micro switch. It features high 
capacity—up to 44 hp, and dual circuitry — five terminals. 
In this design, the rugged, time-proven Acro rolling spring 
snap-action principle is utilized to assure long life and 
precision performance. 

The Model C-11008 shown above is a normally closed 
switch. However, the double-throw arrangement in the 
diagram can control two single pole single throw circuits 
or can be used for double make or break in a single circuit 
It’s rated at 15 amps and is available with pin plunger or 
with various leaf and roll leaf bracket actuators to suit 
your individual application. 

If you’re looking for a way to improve your product's 
performance and to lower your costs, more than likely this 
new Acro switch or one of Acro’s many other designs is 
just what you need. We'll be glad to send descriptive 
literature without obligation. 


CRO 


MANUFACTURING nT Ae 


SWITCH DIVISION 
Columbus 16, Ohic 
Plants at Columbus and Hillsboro 


REPRESENTATIVES IN PRINCIPAL CITIES 
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Now Available 
commercially 


Famous Wacline military electronic prod- 
ucts are now available for use in your 
commercial or military products. Wacline's 
experience in manufacturing products to 
rigid government specifications and time 
schedules assures the finest quality com- 
ponents and excellent deliveries. 


=, | 


Waveguide test components, adapters, 
probes, slotted lines, mounts, dummy 
loads, attenuators, and special assemblies. 
For all band applications, from "'K"' to “L.” 


ps 
TACHOMETERS 


Direct-connected types for RPM indication 
and controlling speed of electric motors, 
processes, etc, New flat, pancake design 
features special, non-protruding axial de- 


sign. Adaptable for motor sizes from 2” 
diameter and larger. 


. ~ -4 
ADJUSTABLE SPEED 
A-C DRIVES yar 
—=- > 
Induction motor units with closely. 
regulated, variable speed, for constant 
torque applications. From 0.1 oz.-in. to 50 
Ib.-ff, torque capacities, Adaptable to ex- 
plosion-proof or hermetically sealed de- 
signs. Remote indicating and controlling 
optional, Can be adapted to a large va- 


riety of applications with close tolerances 
and wide ranges of speed. 


ree... 


35 SOUTH ST. Claim STREET 
DAYTON 2, ONIO 
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Industries, 
Dayton 4, 


weight is 1.7 lb.—-Globe 
Inc., 1785 Stanley Ave., 
Ohio 


Circle No. 28 on reply card 


CONTROLLERS, 
INDICATORS, 
& RECORDERS 


OSCILLOGRAPH RECORDER 


Electrodynamic oscillograph recorder 
incorporates critical acoustic damping 
and produces two rectilinear oscillo 
graph tracings. This recorder has a 
frequency range from de to 200 cps, 
and a sensitivity of 200 microamps 
rms for full-scale deflection. Variable 
speed ranges are from 0.01 sec per 
division to 1 sec per The 
overall time mnillisec 
The unit, a recorder 
weighs 10 Ilb.—Massa_ Laboratory 
Inc., Hingham, Mass 


Circle No. 29 on reply card 


division. 
resolution is | 
two-channel 


THERMOSTATS 


Sealed thermostats will withstand ac 
celeration up to 50 g and are not dam 
iged by vibration up to 0.031 in 
amplitude at frequencies of 0 to 60 
cps. Slow make and break operating 
principle eliminates mechanical snap 
action; under favorable conditions 
unit can Operate on temperature dif 
ferentials as low as 0.2 deg ¢ 
Thomas A. Edison Inc., West Or 
ange, N. J 

Circle No. 30 on reply card 


PORTABLE CONTROLLER 


Miniature portable controller consists 
primarily of an electronic switch which 
is capable of controlling 500 watts of 
power, either delivered at 115 va 


internal 
input 
pros ided 


1254 W 


60 cps, or switched by it 

contacts. Separate fusing of 
and output circuits is 
Autron Engineering, Inc 
6th St., Los Angeles, Calif 


Circle No. 31 on reply card 


GEIGER COUNTER 


A geiger counter that provides from 10 
to 50 times more actual gamma sensi 
tivity than conventional geiger tubes is 
now on the market. The 
sensitivity is obtained without sacri 
ficing any desirable characteristic 
such as temperature independence up 
to 200 deg F, reliability, ruggedness, 
ind cost advantage. This novel unit 
is especially effective on low-level 
gamma rays, making the 
tremely sensitive to the weakened ra 
diation at low level o1 deep sources 
Radiac Co., 489 Fifth Ave., New York 
City 


imcrease in 


counts ex 


Circle No. 32 on reply card 


ACCELERATION CUT-OFF 


Acceleration-sensitive switches are <¢ 
igned for safety circuits and 


mentation setups and are set off at 


instru 


predetermined acceleration levels b 
tween 2.5 to 15 g. One 
contact only during the « 
over-g condition, the other requires 
manual resetting.—Maxson _ Instru 
ments, 47-37 Austell Pl., Long Island 
City 1, N. Y. 

Circle No. 33 on reply card 
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VSWR INDICATOR 


L-band slotted line measures magni 
tude and phase ot voltage standing 
wave ratios in standard L-band wav 
guide at frequencies from 1,120 to 
1,700 mc. This unit can be used with 
any standard probe and provides a 
residual VSWR of less than 1.05 
I'he coupling between the wave-guicd 
and the coaxial section is designed to 
provide a low VSWR = (maximum 
1.20) over the entire frequency range 

Vectron, Inc., 1613 ‘Trapel Rd., 
Waltham 54, Mass 


Circle No. 34 on reply card 


DIGITAL TIMER 


Digital timer is a compact, four de 
ade, electronic counting instrument 
designed for rack-mounting or port 
able use. It will respond to counting 
rates as high as 60,000 cps with an 
accuracy of 0.005 percent plus or 
minus one count. Time is indicated 
in units of 100 or 1,000 microsec 
lime is registered by counting pulses 
generated by an internal 100-ke crys 
tal-controlled oscillator for an interval 
determined by internally applied stop 
and start impulses. The start and 
stop impulses are adjustable from 6 to 
100 volts positive or negative polarity 
[he counter itself responds to input 
signals which are 15 volts peak mini 
mum input Hupp Instrumentation 
Co., Los Angeles, Calif. 


Circle No. 35 on reply card 


PRESSURE CONTROLLER 


Chis simple open-loop control unit 
protects gas distribution systems. De 
signed for use in intermediate and 
high-pressure pilot-loaded distribution 
circuits, the new system enables an 
operator at a central control station to 
raise or lower the pressure settings on 
pressure regulators 10 to 15 miles 
away. The unit incorporates many 
safety features, among which is fast 
pressure change: 15 min for 250 psi, 

7 min for 4.5 psi—Rockwell Mfg 
Co., 400 North Lexington Ave., Pitts 
burgh 8, Pa 


Circle No. 3@ on reply card 


PROBLEM: . 
find the A “pot” 


DAYSTROM POTENTIOMETER’S MODEL 300-00, the 


tiniest, wire-wound precision “pot” on the market 


The less than dime-sized model, recently improved even 
over the well performing original, is a fly-weight unit 
(2 grams) designed for exacting jobs in minute spaces and 
through extreme temperature ranges 


For your applications demanding higher resistance ranges, 
plus compactness, the slightly larger Mode! 303-00 is the 
answer. Both models are designed for universal adaptability 
and unlimited stacking (21 per cubic inch for the Model 
300-00). Both are immediately available in standard models. 


Some outstanding characteristics: 


Model 300-00 Model 303-00 


Size 0.5” square 0.75” square 
by 0.187” thick by 0.28” thick 


Weight 2 grams 7 grams 

Resistance Ranges 10 ohms to 50K 5K to 125K 
Write today for literature on these or any of the many other pro- 
duction or custom-made precision potentiometers available. Names 


of local representatives on request. 


slified engineers 
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HELPFUL DATA FOR YOUR 
CIRCUITRY IDEA FILE... 


(No. 2 in a series by Barber-Coiman Company) 
The circuit drawing below indicates just 
one of the hundreds of ways many manu- 
facturers are utilizing Barber-Colman Mi- 
cropositioner ultra-sensitive relays to solve 
complex control problems. Could this be 
the answer to some of yours, too? 











SERVOMECHANISMS APPLICATIONS 
Many remote itioning applications 
can solved by utilizing the Barber- 
Colman Micropositioner ultra-sensitive 
relay either as a null detector or a differ- 
ential relay. 


In the circuit shown above, movement of 
the transmitting potentiometer introduces 
an error signal in Micropositioner coil P, 
which in turn energizes the positioning 
motor until balance is restored. Second- 
ary relays R; and Re operated by the Mi- 
cropositioner handle larger loads. This 
circuit can also be applied to synchroniza- 
tion . . . or the Micropositioner can be 
utilized in the output of an electronic 
servo control. 


Among the many applications for this 
simplified servo control relay are posi- 
tioning of antenna rotators and tuning 
coridensers . . . aerial camera mounts. . . 
valves . . . test cell apparatus. 


If your projects involve servomechanisms, 
why not make a test with a Microposi- 
tioner designed for circuits similar to 
that shown above? Write for technical 
bulletins F7279 and 

F3961-5. 


BARBER-COLMAN 
MICROPOSITIONER 
POLARIZED DC RELAYS ‘ey 


Various types...plug-in, solder-lug, screw 
terminal, hermetically sealed. Operate on 
input powers of 50 to 1,000 microwatts 
for use in photoelectric circuits, resistance 
bridge circuits, and electronic plate cir- 
cuits. Send for data. 


Barber-Coiman Company 


Dept. H, 1448 Rock Street, Rockford, Illinois 
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MAG AMP CONTROLLER 


Magnetic amplifier motor speed con 
trol utilizes the amplifier to effectively 
measure the operating speed of the 
motor by sensing armature current and 
voltage drop and applying an instan 
taneous correction voltage whenever 
load conditions or other effects threat- 
en a speed change, The unit provides 
a means for presetting speeds of small 
motors by means of a conventional 2 
watt rheostat, remotely located if de 
sired, which will maintain the motor 
speed regardless of changing load con- 
ditions. The unit can be attached to 
any universal series 115-volt motor 
from Yo to ‘is hp CGS Laborato- 
ries, In 391 Ludlow St., Stamford, 
Conn 
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TAPE HANDLER 


Start and stop time of this new digital 
magnetic tape handler is less than 5 
millisec; complete remote contre] of 
start, stop, reverse, and change of 
speed function are provided. Standard 
models have either 6 or 8 tracks and 
dual-tape speeds of is or *%s5 in. per 
sec.—Key Electric Corp., 287 Post 
Ave., Westbury, L. I. 
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DIGITAL PRINTOUT 


Numerical voltmeter has been con 
verted for use with digital printout 
equipment such as card and tape 
punches. The voltmeter circuits are 
accurate to within 2 percent for ac, 
and within 0.1 percent for de. Resist- 
ance ranges up to 10 megohms are 
also accommodated.——Hycon Elec- 
tronics, Inc., 321 S. Arroyo Pkwy., 
Pasadena, Calif 
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FOR AIRBORNE TESTS 


This new amplifier with an isolated 
input circuit is particularly suited for 
airborne thermocouple or strain gag« 
measurements. The unit has a rise 
time of less than 5 millisec and a flat 
response from de to 400 cps. The 
output ranges from 0 to 5 volts dc 
Over the range of frequencies the re- 
sponse is down by a factor of 3 db at 
400 cps and the zero drift resulting 
from environmental extremes is less 
than 200 microvolts total spread. The 
amplifier is constructed and packaged 
to withstand all extremes of tempera 
ture and shock usually experienced 
in airborne operation.——-Doelcam Div 
of Minneapolis-Honeywell Regulator 
Co., 1400 Soldiers Field Rd., Boston, 
Mass. 
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TIMING MOTOR 


Hysteresis timing motor develops as 
much as 10 oz-in. of 
torque at 1 rpm. The motors operate 
from 115 or 230 volts, 60 cps. One or 
two-way frictions are available and an 
especially heavy-duty gear-train _per- 
mits continuous transmission of the 
full output torque of the motor.— 
Haydon Mfg. Co., Torrington, Conn 


synchronou 
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POWER 
SOURCES 


TRANSISTOR POWER SUPPLY 


A small size switching transistor pow 
er supply, available with de outputs 
of 100, 250, 300, 400, and 600 volts, 
delivers power up to 60 watts maxi 
mum the switching transistor cir- 





cuit is designed in such a way that no 
derating from minus 55 to plus 80 (€ 
1s required Arnold Magnet Co 
5962 Smiley Dr., Culver City, Calif 
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DC POWER SUPPLY 


A dual, magnetically regulated d 
powel upply, offering an output range 
of 3 to 36 
static regulation of plus or minus 0.25 
percent, less than 50 millivolts ripple 
for the entire voltage 
namic reguiation of less than 1 per 
cent for a 10 percent line transient 
or below 1.5 volts for a 10 per 
cent load transient. Response time is 
less than 25 mullisec for line transients 
and 150 maximum for load 
transients. The input requirements are 
80 to 150 volts at 57 to 63 cps 
Magnetic Research Corp., El Se 
gundo, Calif 
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volts at 15 amp, gives 


range, and dy 


millisec 


POWER SUPPLY 


16-kv power supply fits in your hand 
It’s a compact transistorized de power 
supply that produces 16,000 volts 


FOR 


SCE... 





OVolEMS 


Ee =E: Co 


From a single-rack recording system to a multi-console data 
Engineering Company has the 


and personnel to de 


processing center, Electronic 
experience ign and produce the equip 
EECO design techniques, perfected over 
for you in an 
engineering 
products 


ment you require 
years of systems work, can be put to work 
EECO engineered system 


staff for tasks specifically 


freeing your own 


related to your 





ROCKET TEST 











FLIGHT TEST 





TRACKING RADAR DATA 


tH 


Lek 








* 


HIGH-SPEED TRACK TEST 








developed for EECO systems, 
provide a key to lower cost 
equipment design and fabrication. 
Data on standard and custom 
circuits available in catalog G-4. «< 


Electronic 
Engineers 

and 
Physicists 


— > 


ASKANIA THEODOLITE DATA ete GROUND TELEMETERING DATA 





EECO Central Data Processing System, Edwards 
Air Force Base. System gathers data from aircraft, 
rocket test facilities, tracking radar, high-speed 
track, and processes and/or 
computer input. 


data for analysis 


Plug-in Circuits 


) 

es 

| He 

=. 

Li a 

Interesting and challenging work in systems 
pl 

and related projects offers unusual employ- 

ment opportunity at EECO. Send resume to the 

attention of R. F. Lander 


Electronic Engineering Company 
of California 





180 South Alvarado Street « 


and its subsidiary 
EECO Production Company 
7 


‘ 


Los A nyelea 57, California 
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Origin, Observation 


and 


{97 * 


Present-Day Control of “Boinng! 





This phenomenon probably began long 
before recorded time and, at 
gives every indication that it is here to 


present, 


stay. First recognition is almost universally 
credited to the Cro-Magnon man who at- 
tempted to describe the combined sound 
and tingling sensation 

in his palms after he 

had laid asunder an 

enemy skull with his 

club. His chiseled 

inscription, handed 

down to us through 

the ages and still used 

today, tells us with 

eloquent simplicity 

what he heard and 

felt ~" Boinng!” 


Scholarly minds 
since then, at odd 
intervals, have added 
to the body of scien- 

tific knowledge con- 
cerning “Boinng!”. 

tf ; 5 A Mr. Newton, in fact, 
@ : >} added a rather loud, 

es squashy one just prior 

to the evolving of The 

L. of G. (An identical, and somewhat 

more familiar observation, was made by 

the operatic team of 

W. Tell & Son.) It is 

interesting to note 

that “Boinng!” has 

been nearly all things 

to all men; some- 

times with overtones 


amorous; at others, — 

with warnings of close- 

ness -to-the-curberous. . 
Without question, our Q 
children will enjoy arich YS? 


, “ “ 
heritage of Boinng! someness. 


And so, like the axe - wielder, like Sir 
Isaac, and like the fiend in olive drab, 
Sigma offers a small — but not unworthy 
— contribution to the cause of “Boinng! 
vs. Relay Efficiency. We have watched 
it become a national worry, and have 
heard the voices crying out. 

Since our policy obvi- 
ously could not be avoidal, 


we chose to make 
it sinusoidal, \ /\ /\ 
with 10 g’s to 2,000 


cycles our initial goal. The achievement is 
formally known as the Sigma Series 22 
Relay, and basically offers the following: — 


SERIES 22 ADJUSTMENTS 

G HG w 
Vibrotion \Ogto 300 cps I5gtoS500cps 15g to 500 cps 

5g@ to 2,000 cps 10g to 2,000 cps 

Contoct 
Rating 2 omp., 
(26v0C 100,000 
W5VAC  operotions 
resistive) 


laomp., 
100,000 
operations 


lamp. 
100,000 
operations 
(2 amp., 
25,000 
operations) 


(2 amp., 
25,000 
operations) 

Sensitivity 
spor ("'C"’) 20 mw. 
prot ("Cc") 40 mw. 


20 mw. 40 mw. 


80 mw. 


Those having appli- 
cations in which | 
“Boinng!” levels 
reach wrenching 
shudder proportions 
are welcome to 
printed data on the 
new 22's 


* Technical paper by Herr Doktor Ing. Helmut N. Greindloutten 
presented at the 1956 World Conference on the Forces of 


Ricoverbrigational Pingschafft in Hamburg. 


SIGMA 


SIGMA INSTRUMENTS, INC., 
69 Pearl Street, So. Braintree, Boston 85, Massachusetts 


124 CONTROL ENGINEERING 


NEW PRODUCTS 


with as little as 3 volts input. The 
unit weight is 14 lb and is only 14 
in. by 3 in. by 6 in. Special models 
will operate over the temperature 
range of minus 65 to plus 100 deg C. 
The operating efficiency is approxi- 
mately 85 percent.—Universal Atomic 
Corp., 19 E. 48th St., New York 17, 
N. Y. 
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TUBELESS POWER SUPPLY 


A new 5-volt de tubeless power source 
will provide efficient performance at 
altitudes up to 60,000 ft. Magnetic 
flux oscillator circuitry effectively iso 
lates line voltage transients from the 
output and regulates de to 0.1 per 
cent accuracy. The output capacity of 
the unit is 1 amp and provisions for 
output adjustment are provided. The 
dynamic regulation is | percent for 
line voltage transients of 10 volts. The 
unit operates on 115 volt, 400 cycle 
aircraft supplies.—Magnetic Research 
Corp., El Segundo Calif. 
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PROGRAMMABLE SUPPLY 


Programmable power supply can be 
operated from remote locations o1 
programmed in accordance with com- 
mands from a control system. It will 
supply an output of 0 to 300 volts 
with a regulation of 0.1 volt and a 
ripple of | millivolt. Current outputs 
for the various units range from 0 to 
100 milliamp to the largest unit which 
will produce 0 to 300 milliamp.— 
Electronic Measurements Co., Inc., 
Lewis. St., Eatontown, N. |] 
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KILOWATT SUPPLY 


Regulated 80-kilowatt power supply 
provides up to 20 kilovolts de output 
at 4 amp, with less than 1 percent 





ripple. It will operate from a 208-volt, 
three phase, 6U-cps input source and 
provide a continuously variable out 
put, from 0 to full-rated load, with a 
regulation to within 15 percent 
Mason Laboratories, 207 Greenwich 
Ave., Stamford, Conn. 
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COMPONENT 
PARTS 


TANTALUM CAPACITOR 


This series of solid tantalum capaci 
tors range from 1 mfd at 35 working 
volts dc to 350 mfd at 2 volts. They 
are potted and hermetically sealed in 
metal cases, assuring maximum re 
sistance to thermal and mechanical 
shock, with no altitude or humid 
ity problems.—Fansteel Metallurgical 
Corp., North Chicago, Ill. 
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POWER DIVIDER 


Power divider splits microwave power 
without losses. Because of matched 
transformers rather than dissipative 
networks, the division of power is ac 
complished with zero insertion los 
[he power at each output is extactly 
half of that at the input with a bal 
ance between outputs of 40 db or 
better. The five models cover the fre 
quency range from 800 to 10,000 
mi Empire Devices Products Corp 


58-15 Bell Blvd., Bayside, N. Y 
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What's YOUR 
Timing Device 


Requirement 


ae 
~~ 
cad 


» ££ 
- 


A TYPICAL 
EXAMPLE 


Series 7010 
Elapsed 
Time 
Indicator 


THE RIGHT MOTOR .. . unusually compact, 
fully enclosed mechanism, controlled lubrication, 
simple, accurate and dependable, operates in any 
position. 


THE RIGHT DESIGN .. . for any application 
because you can select from the full line of 
HAYDON STANDARD interval timers, time de- 
lay relays,cycle timers,and elapsed time indicators 


THE RIGHT FACILITIES ... because HAY DON 
has the fully integrated engineering and manufac- 
turing facilities to produce and deliver quality on 
time . . . economically .. . in large or small lots. 


THE RIGHT SALES SERVICE .. . because 
the HAYDON Field Engineer in your area is a 
Timing Specialist fully qualified to counsel you. 
He’s listed in your Yellow Pages. Have him come 
in to discuss your requirements .. . or, if you prefer, 
write to us direct. 


*Trademark Reg. U.S. Patent Office 


HAYDON 


A Subsidiary of General Time Corp 
AT TORRINGTON 





HEADQUARTERS FOR 


HAYDON Manufacturing Company, Inc. 
TIMING | INGTON, 


2332 ELM STREET, TORRINGTON, CONN. 
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MAG AMP 


Chis magnetic amplifier, althougl 
mall and compact, has a full 
yutput of 7.5 volts for a 30 
OPENING NEW HORIZONS amp input. The de to de unit 
ered directly on 115 volts, 400 cp 
IN DATA PROCESSING SYSTEM DESIGN he bandwidth is at least 8 cp f . 
each 1,000 ohms in the control loop 
The requirements for a switching system that will handle Access to two independent control 
the high information rates of input and output devices in windings enable the amplifier to be 
data processing systems have been so demanding that, until used in summing o1 multiply ing Clr- 
now, they have constituted a serious barrier to data process- cuits \irpax Products ( Middle 
ing system design. River, Baltimore 20, Md 
The New NORTH REED ARMATURE RELAY handles Circle No. 50 on reply card 
these switching chores with maximum efficiency and mini- 
mum crosstalk, opening new horizons in system design. 
NORTH REED ARMATURE MATRIX SWITCHES are 
being used successfully today in “NORTH designed and 
built” system centrals in high speed data processing systems. 
Write for complete details on how the new NORTH REED 
ARMATURE RELAY can provide an important link in data 


processing systems, 








ro TAPE WRITER 
VERIFIER TAPEWRITER 


CARD 
TRANSCRIBER — 


TAPE FILE PAPER (TAPE) HYSTERESIS CLUTCH 


TRANSCRIBER 
























































High torques from low control cur 


/ rents is a major sales claim for a 
OPERATOR 1 new hysteresis clutch. Offered for pro 
VERIFIER T 1 1 


' q 
mantu swileine Unt COMPUTER portional torque control applications, 





eancesd coceccce it will deliver up to 140 oz-m. for an 

orenaion] input of only 65 ma. at 75 vd he 

coil resistance is 1200 deg. It’s 44 in 

long and 3% in. in diam.—American 

ilectric Motors, Miniature Compo 

nents Div. of American Electronics, 

Inc., 655 W. Washington Blvd., Los 
Angeles 15, Calif 
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MAGNETIC TAPE 
TRANSCRIBER 























DELAY LINE 


INTERROGATION UNIT 20.3 microsec delay line has tap 
DOCUMENT pRinteR PAPER TAPE CODER 
































ELECTRO. MECHANICAL PRINTER 1.45 microsec with a tap ict 


4 “SEE US IN BOOTHS 1301 & 1302 — WESCON SHOW” _Pl"'S OF minus 0.1 micros 


is is better than 0.7 micros« 
DUSTRIAL DIVISION tal attenuation of less than 


NORTH ELECTRIC COMPANY SiMe g eile ee 
533 S. Market St. Galion, Ohio sagging ommon ith 
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PULSE TRANSFORMERS 


Sub-miniature pulse transformers that 
offer very fast rise time and exception 
ally high duty cycles are now avail 
able. These units weigh approximately 
> oz. and have maximum voltage rat 
ings of 1,000 volts de. They are ca 
pable of repetition rates of 5 to 6 mc 
and provide up to 40 percent duty 
cycles without backswing.—Allen B 
DuMont Laboratories, Inc., 760 
Bloomfield Ave., Clifton, N. J. 
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GEAR REDUCER 


Right angle gear reducer is availabk 
with bevel or worm gear drive in ratios 
of 1:1, 2:1, 3:1, 5:1, 10:1, and 20:1. 
Assemblies are housed in anodized 
aluminum dustproof housings measur 
ing 1 in. by 14 in. by 14 in. with 
gears permanently pinned to stainless 
steel shafts mounted in bronze bear 
ings with constant pressure thrust 
washers.—Jan Hardware Mfg. Co., 75 
North St., Brooklyn, N. Y 


Circle No. §4 on reply card 


SPUR GEAR 


New nonmetallic spur-gears are im 
mediately available in both nylon and 
linen phenolic materials. The gears 
come in pitch sizes of 45, 64, 72, and 
96 pitch, and have bores of 4 and 4 
in. All gears are cut to AGMA preci 
sion | tolerances.—Pic Design Corp. 
160 Atlantic Ave., Lynbrook, New 
York 

Circle No. §§ on reply card 


no need to over-tax your production facilities 


Complex assemblies such as this Y-4 bomb 
sight used in B-47 Stratojets are taken in 
stride at General Mills This precision in 
strument has 3,433 parts, nearly 2,000 of 
them in this head-end assembly alone 


get precision production help 
in volume and on time 


The critical shortage of competent technical men needn't handi- 
cap your operation. Right now our creative engineers and 
precision manufacturing facilities are at your service for sub- 
assemblies or complete units of 
@ precision electro-mechanical systems 
@ fine-pitch, instrument-type gear assemblies 
@ precision metal cutting, grinding, finishing 
@ industrial or military optical assemblies 


We can save you time, cut costs, eliminate scores of irksome 
production problems. Naturally you have the service of our 
full laboratory and environmental testing facilities. 


Send for this Fact-Packed New Booklet — It describes 
and pictures our facilities, shows our products, names 
our customers. Write Mechanical Division, Dept. 
CE8, 1620 Central Ave., Minneapolis 13, Minn 


MECHANICAL DIVISION 
or General Mills 
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Operation 
Demonstration! 


. wa ee 


offers 


FREE 
TRIAL 


of the 


800A 
EXTENDED 
RANGE VIVM 2 


and 


Here's your opportunity wy ~~... 

to compare the ALI Wes 
800A Extended Range : 

VTVM under your conditions . . . without any cost or obligation. This 
is the same VTVM that has been called the “Measurement Laboratory 
in one Compact Instrument.” 


Check the effect of the 800A's highly degenerative amplifier circuit . . 
unique circuitry . . . voltage regulated plate and filament supply . . . 
and high input impedance in terms of greater stability, higher accuracy 
and extended measurement range. 


The 800A is actually a voltmeter, millivoltmeter, milliammeter, micro- 
ammeter, millimicroammeter, ohmmeter, and megohmmeter in one in- 
strument. Provides accurate measurement from 15 cps to 100 
megacycles . . . resistance range from 0.02 to 5000 megohms in 9 steps 

. Current range from 0.001 microampere to 0.1 ampere in 9 steps 

. AC voltage range from 0.1 to 300 volts in 8 steps . . . and DC 
voltage range from 0.1 to 1000 volts in 9 steps. And all this versatility 
and extended range — with laboratory precision. 


Request your free trial now. Absolutely no obligation. Take this op- 
portunity to observe the advantages of the 800A in 
your own project. 


Write today for the ALI 
Handbook of Instrumentation and 
the 800A VTVM Data Sheet 


Visit us ct Booth 2258 at the 
ISA Instrument-Automation Conference and Exhibit 


580 Main Street, Acton, Mass. 
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PACH GENERATOR 


Permanent magnet tachometer gen- 
erators are available in three frame 
sizes with maximum rated outputs of 
7,000 rpm or 100 volts, whichever oc- 
curs first. They are capable of supply- 
ing output voltages of up to 40 volts 
per 1,000 rpm within plus or minus 
0.5 percent linearity over the oper 
ating range, with very low slot and 
commutator ripple -~Aircraft Control 
Div. of Barber-Colman Co 1400 
Rock St., Rockford, Ill 
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POWER RECTIFIERS 


New silicon power rectifiers meet 
needs for high operating temperature 
and vibration-resistant characteristics 
Electrically, the new rectifiers exhibit 
exceptionally low forward voltage drop 
when passing full-rated forward cur 
rent. They are available in stud type 
mountings. Nine models cover a 
range from 250 milliamp to 50 amp 
forward current.—Federal Telephone 
& Radio Co., 100 Kingsland Rd., Clif 
ton, N. |] 


Circle No. §7 on reply card 
SHUT-OFF VALVE 


A toggle-operated shut-off valve has 
been designed to handle liquids or 
gases for any pressure up to 5,000 psi 
This new valve will provide leak-proof 
shut-off for hydraulic or pneumati 
service and operates smoothly and 
easily up to their full rated capacity 

James Pond-Clark, Pasadena, Calif 
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100) SUBMINIATURE SWITCHES CLR.-7 microwave 


pment. Systems may nferet on Industrial Hydraulics last 
Micro Switch Div. of Minneapolis-Honey be used for voice, facsimile, program, and fall. It gives a “short course” in mathe 
] 


ll Regulator Co. Catalog 75a, 16 pp high speed data transn on matical simulation—analog computing 
Describes and pictures basic assemblies 104) SERVOMOTORS. John Oster Mfg 108) PRECISION OSCILLOGRAPHS 
environment-free subminiature switches 0. 4 catalog sheets. Each sheet includ Midwestern Instrument I'wo booklets 
and actuators, illuminated and light force two lrawing iveragt each 8 pp ‘ these booklets describes 
witches, and a new series of sealed, multi characteristic ind ¢ ical data for ion oscillographs, 
ircuit toggle switch assemblies low-inertia servomot icir galvanomete id associated instru 
101) MICROWAVE COMPONENTS 105) AERODYNAMIC TESTING. Ha rent The other fully portrays the 590 
J-V-M Engineering Co. Catalog, 22 pp gan Corp. Booklet MSP-] pp. De ind )1 record illographs, which 
Features standard and custom engineered cribes “PowrAmp”’ seri omponen i designed t 

microwave components and mechanical as- a high-speed, high-powered racy, and ruggedne 

emblies. Microwave components range cision electrical electrot | RECEIVING ‘TUBES 
from de to 40,000 me; include cavities, equipment Thi ies is ¢ med for ectric Booklet ETID-1212-A 
idapters, bends, attenuators, loads, tees 1cronautical testing d other jobs req itains de 
twists, directional couplers, accessories ing exact performance ion feature il application data 
102 VARIABLE FREQUENCY OSCII 106) PLUG-IN UNITS ,oodyeat r the G-E micro-miniature metal-ceramic 
LATOR. Technical Material Corp. Bul raft Corp. Bulletin DP] iV c » tube OBY4. This tuner triode is 
letin 193, 4 pp. Presents data on TMC of servo plug-in un increase he fi f a line of 
Model PMO-3, which may be used as a scope and versatility of 


we 


grap! 1 


J ul 


O maximize versatility, ac 


General 


20 pp 
ript haracteristics, con 


milar tubes, ranging 
e Ge car f i to high-power triodes 

variable frequency oscillator, exciter, and and N3 nonlinear analogs ny ‘ 1] DIFFERENTIAL REFRACTOM 
heterodyne frequency meter. Gives direct multipliers, function generator r ETER. Barnes Engineering Co. Booklet, 
reading over basic range of 2000-4000 ke solvers generate prod t n 3 pp. This brocl 

103) MICROWAVE PACKAGES. arbitrary functions of variables and fe re ind principles of refractometry—particu 
Philco Corp Booklet, 16 pp Describes excellent low freq ency resp larly ontinuous measurement of the re 
typical expandable microwave systems for 10 SIMULATION. Berkeley Div. of fractive index—a 
90, 120, 500 miles, including photos and Beckman Instruments, Inc Booklet, 4 industries. It also gives complete specifi 
diagrams of actual Philco industrial instal pp. This is the paper Hugo Martinez, itions of the company’s three available 
lations. Includes specifications for new Berkeley consultant, gave at the National lifferential refractometers 


explains the theory 


ipplied to the process 
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(111) MAGNETIC TAPE. Minnesota 
Mining & Mfg. Co. Booklet, 12 pp. Lists 
hysical and magnetic properties of 12 
“Scotch” brand magnetic tapes and films. 
(112) pH AND CONDUCTIVITY. In- 
dustrial Div. of Minneapolis-Honeywell 
Regulator Co. Catalog 1551, 20 pp. In- 
cludes information about the company’s 
latest equipment for measuring, recording, 
and controlling the electro-chemical vari- 
ables, pH, Redox, and conductivity. Also 
reviews the fur:damentals of electrochemi- 
cal instrumentation 

(113) CONAX CATALOG. Conax Corp. 
Catalog 1556, 28 pp. Gives specifications, 
and prices for the firm’s thermocouple as- 
semblies and pressure sealing glands. In- 
troduces “Speedwell” protection tubes, 
multiple wire thermocouple glands, pres- 
sure-sealing spring-loaded thermocouples, 
and “Flex-tube” assemblies 

(114) SUB-MINIATURE CONNEC. 
TORS, Cannon Electric Co., Bulletin 
D-6, 8 pp. Contains specifications, appli- 
cations, photographs of type “D” connec- 
tors, designed for miniature equipment re- 
quiring rack and panel chassis construction. 
(115) MAGNETOSTRICTION. Interna- 
tional Nickel Co. Booklet, 24 pp. This 
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treatise explains the principle of magneto 
striction—the tendency for a ferromagnetic 
material to expand its dimensions parallel 
to a magnetic field and contract the others 
—and some of its uses (¢.g. sonar). Exten- 
sive use of graphs. 

(116) TRACING ATTACHMENT, Pratt 
& Whitney Co. Bulletin, 4 pp. This 
Kellering attachment follows any three- 
dimensional model accurately without 
touching it by means of a high tension 
spark gap between the attachment and the 
model. It can’t damage the softest or most 
fragile model. It has a range of spindle 
speeds from 300 to 10,500 rpm and can 
be adapted to most milling machines. 
(117) THERMOCOUPLE DATA. 
Wheelco Instruments Div. of Barber-Col- 
man Co. Booklet F-5228-3, 40 pp. Dis- 
cusses construction and industrial control 
applications of thermocouples and radia- 
tion detectors. Included are standard 
temperature-millivolt equivalents, using 
1948 International Temperature Scale. 
(118) DATA TRANSMISSION. Simplex 
Valve & Meter Co. Bulletin 700, 16 pp 
Describes the “Orthoflow” system for i 
trical transmission of metering data, which 
is particularly applicable in water and sew 


age waste jobs. It can transmit over 
wires or leased telephone lines 
(119) PERIODICAL. “The Right Angle 
published periodically by Sanborn Co 
8 pp. Contains technical information for 
users and potential users of oscillographic 
recording equipment. T'wo recent features 
“Zero Suppression Circuits”, “Frequency 
Deviation Preamplifier” 

(120) TRIAD CATALOG. Triad Tran 
former Corp. Catalog TR-56, 32 pp. The 
company’s new general catalog describes 
and illustrates nearly items, 76 of 
which are new to the line 

(121) MAGNETIC STARTER. Cutler 
Hammer, Inc. Bulletin EE-191. New fea 
tures in an ac magnetic motor starter in 
clude snap-on contact block cover, visual or 
audible alarm circuit, and plastic-covered 
coil insulation 

(122) PRECISION RESISTORS. Inte: 
national Resistance Co. Bulletin D-la 
4 pp. Gives comprehensive data on wind 
ing technique, testing, tolerance, induct 
ance, insulation, terminals temperature cx 
eficient, etc. of IRC Mil ype precisio 
wire wound resistors 

(123) CAPTURED TRANSIENTS 
Hughes Products Div. of Hughes Aircraft 
Co. Bulletin, 4 pp. The “Memotron 
direct display storage tube retains tran 
sients and other nonrecurring pheno 
ena visually as long as desired, permitting 
examination at leisure without photog 
raphy. Uses range from  electrocardio 
graphy to analog computer readout 
(124) MICRO TIPS DIGEST Micr 
Switch Div. of Minneapolis-Honeywel 
Regulator Co Booklet, l¢ pp ( 

best ideas for use of snap-action switche 
as published in “Micro Tip Applications 
will improve safety, lower costs, increase 
production, and help automate 

(125) PRECISION RELAYS. Manning 
Maxwell & Moore, Inc. Bulletin MRM 
340, 4 pp Describes two precision relay 
series, one for high action limit, 
for low action limit. Both series feature 
positive switching action within 0.5 per 
cent repeatability, contact ratings up to 
10 amp at 115 vac, and plug-in chassi: 
(126) POWER TRANSMISSION. Love 
joy Flexible Coupling Co. Booklet, 12 py 
Covers the firm’s line of power transmis 
sion equipment, including 


private 
priva 


ind one 


flexible cou 
plings, variable speed pulleys and trans 
missions, universal joints, and motor bas« 

Information includes operating data, hy 
ratings, sizes, and types for various applica 
tions and working conditions 

(127) METER THAT PUMPS. Hills 
McCanna Co. Booklet, 8 pp. Models of 
this precision small flow metering and pro 
portioning pump will handle maximum 
flows from 11 cc/min to 6 gal/hr (379 
cc/min), Highlights of the new models are 
maintenance ease and improved accuracy 
at small flow rates. Schematic is included 
(128) RADIO INTERFERENCE. Stod 
dart Aircraft Radio Co. Booklet, 4 pp 
Presents facts about Stoddart’s radio inter 
ference and field intensity measuring equip 
ment. According to the maker, the 
apparatus performs important functions 
heretofore beyond the scope of tunable 
30-15,000 cps equipment 

(129) INFRARED SPECTROPHO 
TOMETER. Beckman Instruments, Inc 

Bulletin 472-A, 4 pp. Pushbutton opera 





tion enables any technician to perform 
analyses with this device after it is set up 
by a qualified operator. Chart paper auto 
matically aligned for successive runs 
(130) METER-TRANSMITTER. As 
kania Regulator Co. Booklet, 8 pp. Intro 
duces ““l'ransometer”’, a positive displace 
ment flow meter and pneumatic signal 
transmitter. Device applicable for flow 
ratio, fuel, and combustion control 
(131) “TECHNIQUES”. Barnes Engi 
neering Co. Magazine, 16 pp. “Infrared 
Radiometry” is the subject of the princi 
pal article in the Spring 1956 issue of this 
publication. The issue is primarily con 
cerned with its applic ation to remote tem 
perature measurement 

(132) SERVOMECHANISMS. Pegasus 
Laboratories, Inc. Bulletin, 4 pp. Lists 
products and prices of the company’s ele: 
trohydraulic servo equipment—electro-me 
chanical and instrumented hydraulic actu 
ators and electronic equipment 

(133) THERMISTORS AND VARI 
STORS. Victory Engineering Corp. Cata 
log, 20 pp. Contains info on “Veco’ 
thermistors, varistors, and assembles, in 
cluding complete electrical and physical 
characteristics of bead, disc, rod, and 
washer type themistors and other products 
Describes such special products as thermis 
tor hypodermic needles combustion ana 
lyzers, gas analysis cells 

(134) DC MOTORS. Aircraft Controls 
Div. of Barber-Colman Co Bulletin 
F-4344-3, 4 pp. Condensed catalog sets 
forth line of fractional hp de permanent 
magnet motors, gearheads, centrifugal 
blowers, and tach generators. Motors have 
voltages of 6-115 vde, speeds of 5,000 
20,000 rpm, outputs to 1/10 hp 

135) MALFUNCTION DETECTOR 
Beta Corp. Bulletin 500-1A, 4 pp. In 
cludes specs, photos, and drawings of vibra 
tion monitors and malfunction detectors 
Also tells about devices’ operation. 3 
models: standard, oil-tight, explosion-proof 
(136) SPEED REDUCERS. Cone-Drive 
Gears Div. of Michigan Tool Co. Bulletin 
600-C, 8 pp. Standard double-enveloping 
worm gcal speed reducers are given greater! 
overhung load capacity and longer life by 
employment of ‘Timken tapered roller 
bearings on both worm and gear shafts 
137) TAPE HANDLER. Key Electri 
Corp. Catalog sheet. Describes model 
101 digital magnetic-tape handler, giving 
complete spe and description. Starts 
and stops on two capstans in 5 millises 
138) SENSING DEVICES. Richardson 
Scale Ce Technical Reference 55D, on 
sheet. Flow and level sensing devices give 
automat afeguard against int rruption 
or system failure by warning when lack of 
material supply or flow is detected in 
chutes, convevor hoppers, silos, etc 

(139) ENGLISH CONTROLS. Servo 
mex Controls, Ltd. Bulletin, 6 pp. Give 
essential features of ac voltage stabilizer 
de power supplies, variable speed drives 
wave form generator, decade capacitor 
and meter tester. Details given on request 
140) CYLINDER MOUNTINGS 
Hanna Engineering Works. Bulletin 76 
4+ pp. To compensate for misalignment be 
tween air and hydraulic cylinders and their 
work loads, Hanna has developed universal 
cylinder mountings, which are similar to 
universal joints 
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Displacement Meters 


Measurement of liquids in any process is only as dependable as the 
accuracy of the measuring equipment, Niagara Meters measure 
volumetrically. Each nutating cycle of the piston displaces a fixed volume 
which remains constant for any specified liquid and temperature range. 
Niagara Meters are individually tested and calibrated to close tolerances 
at all rates of flow within their capacity. 

Accurate measurement prevents waste and loss. Liquid formulas can be 
processed with accurac y “See us af the ISA instrument Show in September” 
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A MESSAGE TO AMERICAN INDUSTRY *© THIRD OF A SPECIAL SERIES 


THE SHORTAGE OF SCIENTISTS AND ENGINEERS: 


A Threat to 
Economic Progress 


THERE are two paramount reasons for concern 
over the serious shortage of scientists and engi- 
neers that now confronts the United States: 


® The first reason, with which this editorial 
deals, is that continued expansion of our 
economy and further increases in our liv- 
ing standards are threatened unless we 
train more scientists and engineers and 
use them more effectively. 


The second reason for concern is that we 
run the risk of falling behind the Soviet 
Union in the technology so essential to 
national security. The consequences of 
losing this race to the Russians are not 
comforting. (The possibility that this 
might happen over the next few years was 
discussed in an earlier editorial in this 
series. ) 

The crucial contribution of scientists and en- 
gineers to the well-being of the American people 
has been to find ways of making better use of 
limited resources, to make equipment more 
productive, to develop new and better products 
that enrich our lives, to enable us to live longer 
and be healthier. They have made this contribu- 
tion with greater success in the last 15 years 
than ever before, but it has required progres- 
sively more resources and more trained people. 

During this 15-year period our annual pro- 
duction of goods and services, in dollars of 
constant purchasing power, has almost doubled. 
Since our total population has increased only 
25 percent, this has meant a tremendous rise in 
the economic well-being of the American people 
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as a whole. But in accomplishing this, the num- 
ber of scientists and engineers has been more 
than doubled. 


Tasks for Research 


If the American economy is to continue to 
grow and if our living standards are to show 
further improvement, the work of scientists and 
engineers must be stepped up even more in the 
years ahead. Unless answers to several pressing 
problems are found through intensified research 
efforts, economic progress will become increas- 
ingly more difficult. 

Productivity per hour of labor must be 
increased at a faster rate. Improved medical 
care has greatly increased the number of people 
who attain retirement age, and sharply higher 
birth rates since the war will mean larger num- 
bers of children in school and college. Mean- 
time, because of low birth rates during the 
depression, the number of people reaching 
working age is not rising nearly so fast. The 
result is that over the next 20 years our popula- 
tion will increase by about one-third, while the 
total manhours worked are not expected to in- 
crease more than 15 percent. So, simply to 
maintain the same living standards for a rising 
population — with no provision for additional 
improvements — ways must be found to enable 
each worker to produce for more dependents. 

It is primarily to the scientists and engi- 
neers that we must look for help in mak- 
ing human labor more productive. This 
will require enormous increases in our power 





resources. We will need to make more effective 
use of our existing fuel supplies — coal, oil and 
natural gas. And we will have to devise eco- 
nomically practical means of tapping other 
energy sources, particularly nuclear power and 
new rocket fuels. 

Also, better ways must be found to use 
scarce and low-grade raw materials. Thanks 
to great strides in metallurgy and mining 
techniques, we are now utilizing sources of 
copper and iron ore that, for all practical pur- 
poses, were not available to us only ten years 
ago. Similar strides are needed in the mining 
and processing of bauxite if low-grade domestic 
ores are to help satisfy a fast-growing market 
for aluminum. And stubborn technical obstacles 
in the area of “high temperature” metals—such 
as nickel, cobalt, columbium, tantalum and 
titanium — are impeding progress in jet and 
turbine engines. 

These are only a few of the challenging tasks 
that demand intensified research and engineer- 
ing activity in the years immediately ahead if 
the United States is to continue to raise living 
standards. We need more houses, schools and 
highways for a rising population, more medical 
research to reduce further the ravages of illness, 
more research in chemistry and other sciences 
to sustain the flow of new and improved prod- 
ucts that are so essential an ingredient of our 
economic progress. 


Ceiling on Growth 


American industry has indicated that it is 
ready to meet the challenge and undertake 
vastly expanded research programs. A recent 
survey conducted by the McGraw-Hill Depart- 
ment of Economics revealed that total research 
and development expenditures of American 
industry were almost $5 billion last year, 29% 
higher than in 1953. By 1959 business plans to 
be spending well over $6 billion on research 
and development. And the total could well prove 
to be much higher, based on the trend of recent 
years. 

But industry’s programs for research 
and development cannot be carried out 
unless enough qualified research workers 
and engineers are available. Ernest R. 
Breech, chairman of the Ford Motor Company, 
recently described the supply of engineers as 
the “ceiling on our future growth.” He gave 


force to his point by announcing: “If 900 quali- 
fied engineers were to approach us next week 
looking for jobs, we would hire every one.” The 
U. S. Bureau of Labor Statistics found in inter- 
views with some 200 large companies at the 
end of 1954 
half were unable to hire enough research scien- 


a recession year — that at least 


tists and engineers to meet their needs. A third 
of the companies reported substantial shortages 
of technical personnel, 

The shortage of technically trained people, 
furthermore, is becoming more acute. The num- 
ber of engineers and scientists now being grad- 
uated is only about enough to cover replacement 
requirements, while the needs of industry, gov- 
ernment and education are mounting every 
year. According to the best information avail- 
able — as indicated in the first editorial in this 
series — these needs are now about twice as 
great as our current engineering graduating 
classes and annual production of scientists with 
Ph. D. degrees. 

To perform the research needed to re- 
move roadblocks to our economic prog- 
ress — and at the same time hold our own 
in the technology essential to our security 
as a free nation — we must have an ade- 
quate supply of men and women with en- 
gineering and scientific training. Instead, 
we are faced with an acute shortage, now 
and for several years to come. Reasons for 
the shortage and proposals for working our way 
out of the shortage will be discussed in the re- 
maining two editorials in this series. 





This is one of a series of editorials prepared 
by the McGraw-Hill Department of Economies 
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WHAT’S NEW 


Continued from page 32 
specialists became convinced of the 
possibilities for machine translation, 
the necessary Components were nursed 
toward perfection. In 1955 Locke, 
Booth, and a few others presented 
their ideas in a book titled Machine 
Translation of Languages, published 
by MIT and John Wiley & Sons, Inc 
(Ctk, August '55, p. 113), Even then, 
however, no real instrumentation had 
been designed 

Now International Telemeter Corp. 
has signed a contract with the Ai 
Force for development of a new type 
of information storage unit, a compo 
nent specifically designed for auto 
matic translation of Russian into Eng- 
lish.. Work on the photoscopic device, 
which converts coded information on 
a transparent disc to electrical signals, 
is under the supervision of Dr, Gilbert 
W. King, author of ““A New Approach 
to Information Storage” (Ctk, Au 
gust '55, p. 48). 

The dise consists of 0.0003-in 
squares, 6 million to the square inch, 
located on 600 tracks. As the disc 
spins at 1,200 rpm, the information 
in the tracks is read at a rate of | 
million bits per second by a light spot 
directed by an electron beam in a 
cathode-ray tube. Access time to any 
one of the 30 million bits stored on 
the dise (equivalent to 5 million 
characters, or several books), is the 
time of one revolution, or 50 milli 
sec, This can be reduced by addi 
tional reading heads. 

Although the unit has been de 
signed for a definite purpose, there is 
no reason why it cannot service other 
areas, too. Among those listed by 
King: mail-order houses, telephone 
directory publishers. 

Approximately one month after In 
ternational ‘lelemeter signed the con 
tract, R. E. Wall, Jr., of the Univer 
sity of Seattle, addressing a computer 
symposium of the AIEE in San 
l'rancisco, said, “There appear to be 
no insurmountable engineering prob 
lems in the realization of a me 
chanical translating machine . . . Re 
search has progressed sufficiently to 
allow the formulation of a detailed 
program which should result in a com 
mercially practical machine in a rea 
sonable time. Much work remains 
to be done, most of which is linguis 
tic in nature, but a substantial num 
ber of good engineering problems re 
main to be solved.” 

But to compete with human trans 
lators, Wall said, a mechanical trans 
lator must turn out 25,000 words per 
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National Cash Register builds in Hawthorne, Calif: big prospects for computers. 








A wind-tunnel for Convair: supersonic range exceeds anything in private industry. 


hour. ‘his estimate is based on a 
per-hour cost of machine time of 
$250, which is as much as a modern 
large-size digital computer costs per 
hour. “This figure,” he added, “‘is 
somewhat arbitrary, but it is certain 
that one word per second is too slow, 
and 100 words per second is probably 
faster than necessary.’ An abstract of 
Wall's talk is in this issue, page 142. 
> Beckman Instruments, Inc., has es 
tablished a Data & Control Systems 
Dept. for the development and pro 
duction of high-speed electronic sys 
tems. At the same time, its Berkeley 
Div. has set up an Analog Computer 
Dept. and has announced that it has 
built the biggest analog computer 
ever assembled west of the Mississippi 
Heading the new department at Ful 
lerton, the home of the Corporation, 
is Taylor G. Fletcher. ‘Two of the ad 
vanced engineering, testing and indus 
trial systems to be created under his 
supervision are already in the works 
one will be used with electronic com 
puters in industrial process control, 


and the other to design and test ait 
craft, jet engines, and rocket 
With Joseph L. Hussey 

assistant chief engineer for computers, 
at its helm, Berkeley's new depart 
ment will be responsible for sale 
stallation, field engineering, and 
sign and development of special com 
puter equipment. Hussey 
Berkeley's original EASE analog com 
puter. His former research and de 
velopment duties will be 
by Alan MacLane Ihe division’s 
giant computer, 6 ft high and 60 ft 
wide, is being used General Mo- 
tors’ Allison Div. in Indianapolis for 
simulating jet engines. An outstand 
ing feature is its 12 automatically set 
“map readers”, which use 80 fun 
tion generators—five times the number 
used in previous analog computer: 
to investigate function contours mad 
up of two independent variables 
“White Alice’, the Alaskan Inte 
grated Communication Exchange net 
work with which the Air Force in 
tends to connect isolated cities and 


formerly 


worke d on 


taken over 





defense installation in Alaska to estab 
lished networks, will be operated and 
maintained by Federal Electric Corp., 
a subsidiary of International Tee 
phone & Telegraph Corp. The sys 
tem, still a-building, will be com 
pleted by 1958. 

> Fischer & Porter Co. will build an 
automatic data logger to be used by 
the Coast & Geodetic Survey of the 
U. S. Dept. of Commerce for record 
ing tide table predictions. Up to 
now, the predictions, made by the 
tide-predicting machine located in the 
department’s building in Washington, 
D. C., had to be read from dials and 
then manually logged on the tables. 
The F&P logger will change all this 
the output shafts of the predictor will 
furnish information on maximum and 
minimum water heights, on the time 
at which they occur, on slack water 
time, and on the maximum velocity 
of the ebb and flood current. All 
this, accurate to 0.25 percent, will be 
automatically typed out 

P Between 100 and 200 specially 
trained employees moved last month 
into a $500,000 production laboratory 
in South Norwalk, Conn., to begin 
work on improved transistors to meet 
severest requirements. The laboratory 
is the home of Sperry Rand Corp.’s 
new Semiconductor Div., whose tech 
nical staff has as its nucleus a group of 
semiconductor scientists who carried 


CS 


se 


B. J. Rothlein S. M. Grafton 


on preliminary investigations im tran 
sistors and diodes at Sperry’s Lake 
Success, N. Y., headquarters. Dr. Ber 
nard J. Rothlein, who conducted basic 
studies of semiconductor applications 
at Lake Success, is the new division’s 
technical director, and Samuel M 
Grafton, former administrative head 
for armament radar at Sperry, is its 
manager. The initial batch of semi 
conductors to come from tested proto 
types will be used by other Sperry 
divisions in critical control applica 
tions 

At Salt Lake City, Sperry has made 
plans for a $14 million research and 
development facility to be known as 
the Sperry Utah Engineering Labora- 
tory. Resident manager of the lab 
oratory, whose projects are still un 
der wraps, is Paul W. Vestige, former 
ground armament engineering head at 
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Technitrol is equipped to design and produce pulse 
transformers to meet your particular requirements. 
Simply let us know your performance specifications. 
Technitrol’s staff of engineers will test sample trans- 
formers under actual circuit conditions —assuring proper 
performance. All charges for this service are incited in 
our low sample quantity price. 


Technitrol also makes a full line of lumped and dis- 
tributed pommneiee Delay Lines. You may deems from a 
variety of mountings, or again, our engineers will aid you 
in developing special designs. 


for additional information, 
write for Bulletin C166. 
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ee ee pene: BE, ee 
COUNT DOW 


on the BIG engineering 
challenge of all time! 


Rock-anchored into the crags of the Santa Susana 
Mountains near Los Angeles crouch the massive test-stands 
of ROCKETDYNE — the most gigantic rocket engine workshop 
in the Western Hemisphere. The privileged men who tend 
these great power plants are a select group indeed. 

For no matter what their specialty, they are working at 

the most advanced state of their art. 


The scientist or engineer who enters the field of large, 
liquid-propellant rockets at ROCKETDYNE can expect 
to encounter more phases of his profession in one day 
than in a year of conventional practice. 


Here at ROCKETDYNE men use units no bigger than a 
small sports car to generate power outputs greater than 
Hoover Dam — power that is precisely delivered during 
a period measured in minutes. Inside the engines, 
materials and mechanisms must function perfectly under 
extreme stress and vibration, yet temperatures range 
from minus 250° F to 5000°F in close juxtaposition. 
Valve action must be so close to instantaneous that 
the expression “split-second” is completely unimpres- 
sive; we are dealing with conditions in which the 
term “steady state” is applied to a millisecond. 
Day by day the tests go on, and every day produces 
its two miles of information on oscillograph tape— 
fascinatingly new information, far in advance of 
available texts, This is one of the newer industries 
with an assured future, The methods now being 
developed here for producing effective power 
to the attainable limits of mechanical stress will 
have wide application. Such experience is 
practically unobtainable anywhere else. 
The only way you can appreciate the 
far-reaching significance of such a 
ram is to be a part of it, 

ill you acceot the challenge? 


Here are the fields of 

opportunity at ROCKETDYNE : 

FOR ENGINEERING GRADUATES: Aeronautical, Chemical, Structural, Elec- 
trical, Electronic, Metallurgical, Mechanical; qualified for Analytical, 
Research, Development or Design responsibility. 

FOR SCIENCE GRADUATES: Physics, Chemistry, Mathematics. 


INTERESTING BOOKLET. Facts about rocket engines and engineering. Send for your 
personal copy of “The Big Chalienge.”” Write: A Jamieson,eRocketdyne Engineering 
Personnel Dept. 596 CON, 6633 Canoga Avenue, Canoga Park, Calif 


ROCKETDYNE i 


A DIVISION OF NORTH AMERICAN AVIATION, INC 


BUILDERS OF POWER POR OUTER SFACE 


136 CONTROL ENGINEERING 


WHAT’S NEW 


Sperry Gyroscope Co. He was respon- 
sible for the first designs of the 
Army’s “Skysweeper’’ automatic air- 
craft weapon. The initial 50,000 sq 
ft of his Utah laboratory will open 
before the end of the year 

> Hycon Mfg. Co., has moved its 
Photographic Products & Special 
Products Div. into a new Camera & 
Instrument Div., which will specialize 
in development of systems and prod- 
ucts for aerial reconnaissance and for 
instrumentation in the physical sci- 
ences. General manager is William 
C. McFadden, a vice-president. Other 
officers: Richard H. Perley, assistant 
general manager; W. Q. Nicholson, 
director of engineering; and Leroy 
A. Loftus and Paul W. Shadle, assist- 
ant chief engineers. 

> Sylvania Electric Products, Inc., is 
operating its new private communica- 
tions network and data processing 
system at Camillus, N. Y. The com- 
bination of an 18,000-mile private 
communication network, custom-built 
by Western Union, and a complete 
Remington Rand Univac System ap- 
pears to be the first of its kind in 
existence. It represents a milestone 
in what Don Mitchell, Sylvania presi- 
dent, and Marcel Rand, Remington 
Rand executive vice-president both 
termed the “administrative revolu- 
tion”: a further step in office-automa- 
tion’s effort to keep pace with factory- 
automation. 

> Tyron, Inc., has been organized at 
Cambridge, Mass., to carry out re- 
search, development, and manufac- 
ture on ifs own account or on a con- 
tract basis in the fields of mechanical 
and chemical processes, including heat 
transfer, combustion, fluid mechanics, 
corrosion, and materials of construc- 
tion. President is Dr. Harold S. Mick- 
ley, who has been an associate pro- 
fessor of chemical engineering at MIT 
since 1948, and executive vice-presi- 
dent is Ernest P. Neumann, a former 
associate director of MIT’s Gas Tur- 
bine Laboratory. 

> Hughes Aircraft Co. has been 
awarded $39,405,851 worth of Air 
Force contracts for production and 
maintenance of armament control sys- 
tems for interceptor planes. Broken 
down, the four contracts specify $38,- 
060,299 for production of the sys- 
tems, and $1,345,552 for mainte- 
nance. 

PA new division has been organized 
by Washington Machine & Tool 
Works, Inc., under two former 
Minneapolis-Honeywell men. The di- 
vision, General Components Co., will 





engineer and manufacture electronic 
and electromechanical devices and 
systems. Its directors are Ivan C 
Pedersen and Karl Schurr, most re 
cently in aeronautic work at M-H 


Companies A-Building 


>» A home (52,000 sq ft) for the Elec- 
tronic Div. of The National Cash 
Register Co. in Hawthorne, Calif. 
Here, by means of research and de 
velopment in electronic computers and 
auxiliary equipment, NCR hopes to 
accomplish a three-fold objective: the 
adaptation of conventional cash regis 
ter,and business machines to computer 
input devices; a complete computing 
system, consisting of computer and all 
periphery units; and a practical appli- 
cation of electronics to accounting 
problems, as indicated by a survey of 
svstem needs 

P A $3.5-million supersonic wind tun 
nel at San Diego for Convair. This 
“blow-down” model, boasting a super 
sonic range of Mach 5, greater than 
any privately owned tunnel in the 
industry, will have double walls of 
8-in.-thick reinforced concrete and an 
exhausting chamber to reduce the 
sound of the released air. One of the 
companies sharing the Convair con 
tract is Consolidated Electrodynam- 
ics Corp., awarded $200,000 for de 
sign, construction, and installation of 
the high-speed data system. The fa 
cility will be in operation for cali 
bration within the year, and for test 
ing by the following August. 

PA 50,000-sq-ft home for Miniature 
Precision Bearings, Inc., in Keene, 
N. H. MPB’s bearings, which have 
ID’s as small as 1/40 in., are assem 
bled in a room boasting the first com 
mercial application of the filters of 
the type used in Oak Ridge’s gaseous 
diffusion process. The filters screen 
out particles as tiny as one micro 
inch in diam. including many cold 
germs and some viruses 

P An engineering laboratory (35,000 
sq ft) in Goleta, Calif., for Raytheon 
Mfg. Co. When this facility is com 
pleted, in the spring of 1957, Ray 
theon will discontinue its Chicago 
equipment laboratory, whose person 
nel will make up more than a third of 
the 125 employes expected to work in 
Goleta. At the same time, Raytheon 
has leased a 1-million-sq-ft manufac 
turing, warehouse, and office facility 
in Andover, Mass., from Textron, 
Inc. An initial contingent of 1,000 
employes is contemplated for the 
property, known as the Shawsheen 
Mill, one of New England’s most 
modern textile plants. 

®P An addition (cost: $1,164,000 to 
American Bosch Arma Corp.'s sub- 
sidiary, American Bosch Arma Missis- 
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MOSELEY AUS TOGRAF 


X-Y 


MODEL 1 








We'll be glad to send you 
additional information or 
consider your special 
problem. 


trade mark 


recorder 


FEATURES 


Choose an autoorar from four versatile models 


MODEL 1 MODEL 3 
Drum Type Desk Type 
8Y% "x11" paper x11” paper 
X.Y Recorder X.Y Recorder 
Curve Follower Curve Follower 
MODEL 2 MODEL 4 
Flat-bed Rack type 
11°xl6%”" paper 11"xl6%”" paper 
X-Y Recorder X.Y Recorder 
Curve Follower Curve Follower 
Point Plotter Point Plotter 


A complete line of accessories 1s available 


for any data translation application 


Ft. MOSELEY co. 


409 N. Fair Oaks Ave., Pasadena, California 
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WHAT‘’S NEW 


sippi Corp., in Columbus, Miss. This 
will more than double the size of 
the subsidiary’s plant, making it 212, 
440 sq ft, and will bring its parking 
area to 67,000 sq ft. The company 
is also modernizing its American 
Bosch Div. at Springfield, Mass., and 
is moving the general office staff of its 
Arma Div. from Garden City, N. Y., 
to Hempstead, N. Y., to make room 
for more military work in the former 
city. Of its increased defense back 
log of $195 million, a substantial por 
tion is due to additional orders for 
the B-52 fire control system. 

PA new building (50,000 sq ft) for 
Gulton Industries, Inc., in Metuchen, 
N. J. The additional research, engi 
neering, and testing facilities will serve 
Gulton’s five associated companies. 

P An electrical equipment assembly 
plant (31,000 sq ft) in Atlanta, Ga., for 
Square D Co,’s regional headquarters 
offices, 

P An electronic plant (150,000 sq ft) 
in the St. Petersburg-Clearwater area 
of Florida for The General Electric 
Co, The X-Ray Dept. will operate 
the plant, whose 600-700 employees 
will produce electronics equipment 
for Sandia Corp. of Albuquerque, 


N. M., prime contractor to the AEC. 
PA new facility (Plant No. 6) in 
Grand my Mich., for R. C. Allen 


Business Machines, Inc., to increase 
production of damped rate gyros and 
turn and bank indicators. 
P Among recent acquisitions: the 
television and radio operations of 
Raytheon Mfg. Co, by Admiral Corp. 
the two Chicago plants, inventory, 
and equipment to be known as Ad- 
miral’s Belmont Div.; Wm. I. Mann 
Co. (precision optical components 
for scientific and military instruments) 
by Texas Instrument, Inc.; Isotope 
Specialties Co., Inc. (tagged chemi 
cals for industrial and investigative 
procedures) and Central Sales & Mfg. 
Corp. (electron tubes, leak detection 
systems, electronic test equipment, 
transistor circuitry, microwave de 
vices), both by Nuclear Corp. of 
America, Inc., which will operate the 
latter acquisition as a wholly-owned 
subsidiary to be known as Central 
Electronic Manufacturers, Inc.; Tech- 
nical Electronics Corp. (synchronous 
motors, system analyzers, packaged 
electronic circuits, precision measur 
ing equipment) by Consolidated Elec- 
tronics Industries Corp.; Bennett 
Products Mfg. Co. (glass-on-metal 
hermetic seals, insulators, switches, 
and connectors) by Farnsworth Elec- 
tronics Co., which will operate the 
Palo Alto, Calif., concern as a Pacific 
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Rufus Oldenburger 


W. W. Finke 


Div.; and Micamold Electronics Mfg. 
Corp. (military, television, and indus 
trial capacitors) by General Instrument 
Corp. 


Important Moves 
By Key People 


> Rufus Oldenburger, an authority in 
mathematics and automatic controls 
who has combined careers in industry 
and education, will join the Purdue 
University faculty this fall as Professor 
of Engineering Sciences and Mechan 
ical Engineering. Director of research 
of Woodward Governor Co. since 
1954, Oldenburger joined the com 
pany as chief mathematician in 1942, 
while he was teaching at the Illinois 
Institute of Technology. When he ac 
cepted a full-time position at Wood 
ward Governor in 1949, he gave up 
the chairmanship of the DePaul math 
ematics department. He organized the 
1954 ASME Frequency Response 
Symposium, the second international 
conference on automatic controls. 

> William C. McFadden was ap 
pointed executive vice president of 
Hycon Mfg. Co., of which he pre 
viously was vice president and general 
manager of the Camera & Instrument 
Div. A former engineering supervisor 
for Walt Disney Productions, McFad- 
den came to Hycon in 1949. 

> Central Electronic Mfrs..  Inc., 
which recently became a subsidiary of 
the Nuclear Corp. of America, has 


G. A. Crowther 


Bernard Bernstein 


R. M. Soria 


appointed Bernard Bernstein chief 
engineer of its Electronic ‘Tube Div 
Bernstein formerly managed the Large 
Transmitting Tube Dept. for Amperex 
Corp. 

P Datamatic Corp., a subsidiary of 
Minneapolis-Honeywell Regulator Co 
and Raytheon Mfg. Co., has 
Walter W. Finke as its president 
Finke, who was vice president and 
general manager, succeeds John J. 
Wilson, who continues as a director 
Previously an executive of M-H, Finke 
is a former president of the U.S 
Junior Chamber of Commerce 

> George A. Crowther, holder of nu 
merous gunfire control patents, was 
named chief engineer of Ford Instru 
ment Co., Div. of Sperry Rand Corp 
He has been with Ford Instrument 
since 1928, and was most 1 
gineering director for marine equip 
ment, doing primarily Naval Ordnance 
work on gunfire control 
range plotters, cam mecha 
nisms for ballistic com ind ré 
lated devices. 

> Amphenol Electronics Corp. has 
promoted Rodolfo M. Soria to vice 
president of engineering. Formerly 
director of engineering, Soria has been 
with Amphenol since 1946. He is a 
member of the Advisory Group on 
Electronic Parts, consultants to th 
Defense Dept 

> Minneapolis-Honeywell’s newly-cre 
ated position of vice-president im 
charge of engineering has been filled 
by Glenn E. Seidel, who was formerly 
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ADVANCED 
DIGITAL ENCODER 


This encoder is an all electronic wy of equip- 


ment capable of digitizing 24,0 


0 8-bit binary 
code groups per second. 


; The Coder’s all electronic circuitry which in- 

#2. cludes solid state components mounted on etched 
, circuit, plug-in, cards provides for increased oper- 
ational reliability and ease of maintenance 


Designed to operate in either air or ground sys 
tems, the coder’s compact construction and 
light weight substantially reduces the need for 
bulky equipment in data handling systems 


** Among the more salient features are: 
; Accuracy: One part in 256 


Power Requirements: 100 wetts 

Signe! Input impedence: 100 K ohms 
Operating Temperature Range: -55°C te * 71°C 
Output impedence: 1 K ohms 

Overoll Size: 6-13/16" H x 9-9/16" Wu6-%" D 
Weight: 8 pounds 
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Your kind of... 
There JS something better in solenoid valves — 
the new Marsh Electrimatic. Bodies machined 
from solid brass stock mean extra strength, 
greater dependability. Coils are moisture and 
frost proof. Valves are tight seating, smooth, 
positive, quiet. Types for 
wide range of applica- 
tion: direct acting 
—or pilot 
operated 


for large 
capacity. 


. » » Outline your 
conditions and we 


will tell you how we 
can help you with 
your Solenoid prob- 
lems. 


MARSH INSTRUMENT Co. 
Sates offiliate of Jas, P. Marth Corp. 


Dept. ¥, Skokie, iil. © Marsh instr. & Valve Co. (Can.) Ltd. 
6407 103rd Street, Edmonton, Alberta, Canada 





NOW MEASURE 
FASTENER LOADS 
ACCURATELY AS 


THEY ARE 


j TIGHTENED with 
ww ~ Boe Bolts 


A positive and accurate method of 
measuring loads os they are tightened. 
Special resistance-type strain gauge, 
potted axially, gives reading direct in Ibs. 
Use to distribute loads evenly in bolt 
groups, or for testing or design work. 
Available on order in most bolt, screw, or 
rod sizes and materials. Write for in- 
formation. 
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Polyphase Instrument Co. 
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WHAT’S NEW 


vice-president in charge of engineer 
ing in the firm’s Minneapolis plants 
P ‘I'he new Microwave Physics Labora 
tory of Sylvania Elect Products, 
Inc., will be headed by Osmund T. 
Fundingsland. Arthur L. Aden has 
been named the laborator issistant 
manager. Both Fundingsland and 
Aden have been directing research in 
Sylvania’s Electronic Defense Labora 
tory since 1953. 

> George J. Mueller, guided missile 
expert, has been named chief engi- 
neer of the Technical Products Div. 
of Packard Bell Co Mueller, who 
most recently headed the Test Sup 
port Dept. of Ramo-Wooldridge’s 
Guided Missile Research Div., was 
head of the Physical Research Labora 
tory at Picatinny Arsenal. Later, he 
was an AEC consultant at Los Alamos 
and supervisory physicist at the Air 
Force Missile Test Cent 

P Frank A. Votta Jr. has rejoined 
Hunter Spring Co. as chief engineer 
after two years with Philco Corp 

> H. N. Maller Jr. has been appointed 
chief engineer of Canadian Westing 
house Co., Ltd. Muller was formerly 
assistant to the vice-president, ap 
paratus products, of the parent West 
inghouse Electric Corp. Between 
1947 and 1949 he was manager of th« 
Educational Dept., where he wa 
responsible for all Westinghous 
graduate-level program 

Plenwal, Inc., has appointed E. 
Sohier Welch chief research engineer 
Welch, who was head of the applied 
physics department of the National 
Research Corp., worked on radar 
countermeasures in Harvard's Radio 
Research Laboratory during the wat 
At the same time, James R. Keough, 
previously manager of personnel, put 
chasing, and production, has been 
named manager of manufacturing 
Robert S. Goodyear is the new presi- 
dent of Fenwal’s newly-organized 
subsidiary, Fenwal Electronics, Inc., 
which manufactures thermistors. He 
worked on thermistor production for 
Western Electric Co 

>John C. Koch, vice-president and 
general manager of Conoflow Corp., 
was elected president of the Fluid 
Controls Institute for 1956-57 at the 
Institute’s recent annual mecting 
Sava Sherr, former president of 
Stanley Industries, Inc., was recently 
appointed chief mechanical engineer 
of International Resistance Co 
Sherr has been an engineering con 
sultant to UNRRA’s Agriculture Div 
and a member of the Pratt Institute 
faculty. 

>A measurement and 





specialist has been appointed chief 
engineer of Sperry Gyroscope Co.'s 
Microwave Electronics Div. He is 
Hugh E. Webber, promoted from his 
post at the head of a microwave and 
electronic equipment engineering de 
partrnent, which he organized in 1948. 
>'Two new Cutler-Hammer vice 
presidents have been named. W. F. 
Lent was appointed vice-president in 
charge of manufacturing and R. A. 
Millermaster vice-president in charg 
of development. Both men have been 
with C-H for many Lent’s 
latest position was works manager, 
while Millermaster’s was manager of 
development 

>C. E. Gumbert Jr. has been ap 
pointed chief engineer of Elbeeco, 
Inc., a subsidiary of Aeroquip Corp 
He was formerly with the parent com 
pany'’s quality control dept. At the 
same time, Mathias A. Gatzweiler 
was selected as Elbeeco production 
control manager. 

> Alfred F. H. Bischoff is the new 
manager of the Coolidge Laboratory, 
largest x-ray and electron-beam de 
velopmental lab in the world, which is 
part of General Electric’s X-Ray 
Dept. He succeeds Robert F. Wilson, 
who has been given a special assign 
ment. Bischoff has designed Loran 
equipment, adapted the British IFF 
(Identification, Friend or Foe) system 
to American use, designed the radio 
frequency power supplies for 70-mil 
189-million volt synchro 
trons, and directed the development of 
the fastest acting known relay (which 
operates in 0.00001 sec). 

> Robert J. Bibbero has left his job 
as chief development engineer of 
Hillyer Instrument Co. to take special 
assignments in automation, control 
systems, and weapons systems from 
Bulova Research & Development 
Laboratories. He has developed a 
number of digital systems for auto 
matic control of machine tools and 
speedy handling of business data 

© Sidney L. Simon, appointed director 
of applied research at the Research 
and Advanced Development Div. of 
Avco Mfg. Corp., is a former tem 
perature pile problems specialist. He 
recently completed work as a nuclear 
scientist in General Dynamics’ Proj 
ect AID. 

> William Shockley, transistor pioneer 
and director of the Shockley Semi 
conductor Laboratory of Beckman 
Instruments, Inc., was awarded an 
honorary degree of Doctor of Science 
by Rutgers University at its June 
commencement exercises 

© Consolidated Diesel Electric Corp 
has appointed Louis B. Haberman as 
general manager of its Test Equipment 
Div. He was formerly a sales engineer 
with Greer Hydraulic, Inc. 
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Servo Compensator 


From “A Time Dependent Non 
linear Compensating Network’ by 
J. C. Clegg, University of Utah 
AIEE paper 56-778, presented at 
ATE E Summer and Pacific General 
Meeting, San Francisco, June 25-29, 
195¢ 
In the April issue of Controt EN 
GINEERING, |’, M. Stout concluded his 
article on “Nonlinearity in Control 
Systems” with this statement: “The 
theory (of programmed controllers 
does serve, however, as a basis for the 
design of practical systems with very 
near optimum response, using simpli 
fied equipment whose performance ap 
proximates the ideal”. The nonlinear 
compensating network described by 
Clegg falls directly into this category 
of simplified equipment, for here a 
simple combination of resistance, ca 
pacitances, and diodes improves per 
formance of both linear and nonlineat 
SeTVOS 

The basi hown by the 
solid lines of Figure 1 is 


circuit 
inserted in 
the servo between the error signal 





AME 
TRANSFORMER 


FIG. | 


and the uncompensated servo. Disr 
garding for the moment the ign 
changing amplifier and R, the circuit 
operates a follows: with a positive 
error voltage applied to the 
input, the upper diode conducts and 
a voltage starts to build up across ¢ 
But at the instant of application the 
entire error voltage appears across R 
Output voltage F causes the servo 
error to diminish Thus, as time 
progresses, the crror 
while the voltage across C, increas¢ 
Eventually, both voltag 
the diode stops conducting, no torque 
is applied to the 
the servo flow 
ence of it 


system 


voltage decrease 
ire equal 


servo output, and 
down under the influ 
inherent damping. ‘Thu 
the servo approa hes zero error 
Should the error not become zero 
as a result of output coasting, the di 
charge of C, through R, means that 
the diode will eventually conduct 
gain and jog the output further to 


ward zcro Phi until 
the system 
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conduct uit action sumuilar to 
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cribed < pt that the 
conduct curing 
evcle of 
diode conduct 
half evel 

If the inherent damping is not 
ufhicient to bring the output to zero 
in a reasonab mount of time and 
without excessive overshoot, the cir 
nodihed by adding to it 
the sigi ing amplifier and R, as 
dashed lines in Figure 
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ABSTRACTS 


a transformer) had a voltage gain of 
two. 

Just how well this circuit operates is 
typified by the results shown in Figure 
2. The input to the system is a step 
change. Curve A shows the response 
to the uncompensated servo; B shows 
the response of the same system with 
the compensating network operating 
and the forward gain increased; and, 
for comparison, C shows the response 
of the original system (uncompen 
sated) but with the gain reduced to 
eliminate overshoot. 


Concentration Control 


From “Evaporator Concentration 
Control By Boiling Point Rise” by 
W. S. Sharshon, 
Honeywell Regulator Co,, Brown 
Instruments Diy. Paper presented at 
the American Chemical Society 
Delaware Valley Regional Meeting, 
Feb. 16, 1956. 

An evaporator process that has a 
high enough boiling point rise (5 
deg I’ or more) can be automatically 
controlled for uniform product con 
centration with standard instrumen 
tation. The control of concentration 
by boiling-point-rise measurement as 
sures accuracy and is simple and 
maintenance-free. 

“Boiling point rise is defined as 
the difference between boiling point 
of a solution and the boiling point 
of the pure solvent at the same pres 





Minneapolis- 


sure. ... Since BPR is a function of 
the concentration of the solute, this 
measurement can be used to determine 
and control product concentration 
where an evaporator process shows a 
sufficient boiling point elevation’. 

The method involves the measure- 
ment of two temperatures (the boil- 
ing liquor in the evaporator and the 
reference). ‘lhe relatively small differ- 
ence in magnitude between the tem 
peratures means these primary meas- 
urements must be precise if an accurate 
determination of the difference tem 
perature is to be made. The author 
recommends using an electronic po 
tentiometer to obtain the required 
accuracy. ‘The pot would operate 
from two differentially-connected re 
sistance temperature detectors, prop- 
erly located. 

Sharshon describes the construc- 
tion of an auxiliary chamber, which 
attaches to the evaporator and permits 
an accurate and stable reference tem 
perature. ‘Thus, the chamber re 
moves the superheat present in the 
feed steam and condenses some of 
the vapor. The resulting temperature 
is that of saturated steam (or boiling 
water) at the evaporator operating 
pressure, which is the reference tem 
perature required in Boiling Point 
Rise determinatien”. One detector 
measures the temperature in the ref 
erence chamber, and the other 
measures the temperature near the 
bottom of the evaporator. Therefore, 
this detector is always covered with 
liquor. 

An evaporator system normally has 
instrumentation to control liquid level 
and evaporator pressure, since con 
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Fig. 1 Basic evaporator contro! system 
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trol of these variables are essential 
to good performance. Figure | shows 
this basic instrumentation applied to 
the evaporator system Also shown 
is the slight additional instrumenta 
tion required for the control of prod 
uct concentration. 

Calibration curves, obtained from 
data on the evaporator installation, 
correlate product concentration with 
boiling-point rise. Figure 2 shows a 
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Fig. 2 Boiling point rise calibrotion curve 


typical relationship of this nature, 
where organic acid is being processed 
in the evaporator. 

The control point of desired con 
centration is selected from the cali 
bration curve and the system is started 
up. “In the initial stage of operation, 
the evaporator contents will be far 
below this point and the liquor will 
be retained and recirculated. As the 
desired concentration is reached, prod 
uct will be drawn off continuously 
Simultaneously, the liquid level con 
troller will admit dilute feed to main 
tain liquid level’. 

A fully automatic continuous unit 
of this type has been installed. It 
controls product concentration to 
within 0.003 specific gravity units, 
and has operated trouble-free 
installation. 


since 


Mechanical Translation 


From “Some of the Engineering 
Aspects of the Machine Translation 
of Language” by R. E. Wall Jr., 
University of Washington. AIEE 
paper 56-693, presented at the 
AIEE Summer and Pacific General 
Meeting, San Francisco, June 25 
29, 1956. 


“There appear to be no insurmount 
able engineering problems in the reali 
zation of a mechanical translation ma 
chine.” Wall makes this statement 
toward the end of his paper, thus con 
cluding a thorough review of the en 
gineering and linguistic problems of 
transforming intelligence from a 
“source” language to intelligence in 
a “target” language. 





Recent advances in computer tech- e e J 
nology make possible a mechanical Regulation in less than /soth cycle. ee 
translator that coukl be competitive 
with a skilled human translator. Al 
though it is unlikely that the machine 
could match the human translator in 
the matter of quality, the machine 
translator is superior in speed and ex 
pense (a lower cost per word of trans 
lating 


The author equates, admittedly on \- 
an arbitrary basis, machine transla ee S=SSSes' : =a 


tions to human translation to arrive = Output of typical electromechanical 
‘ regulator in response to step change in 


at some idea of the relative speeds 
input voltage. Average correction rate of 


and cost “Human translators will 
produce rough, understandable trans 
lations for a per-word cost of about 
one cent. ‘This means that a two 
hundred-fifty dollar per hour machine 
would have to produce about twenty 
five thousand words per hour, or in 
round numbers about ten words per 
second in order to have the same per 
word cost.” 








Output of Curtiss-Wright Distortion 
Eliminating Voltage Regulator from 
The translation process for a ma ae some input. Full recovery in 330 
microsec, 

chine requires four definite phases 
encoding, memory search, logical op 


erations, and decoding. ‘Thus the ma 


chine language must be considered ca 
as well as the two linguistic languages ure ime ave ower 
-———_—— ————— 


involved 


a eee ae CURTISS-WRIGHT LINE REGULATOR 


ing, then, are the selection of the 
optimum machine code and the 


transcription of printed text into this Electronically regulates r.m.s. and peak voltage si- 
machine code. Each symbol should multaneously to * 1%. 
be of equal length, but of the least 


number of bits for economical stor Reduces typical power line distortion to less than 0.3%. 
age in the machine. For instance, 


Russian requires 80 symbols (cod Furnishes 1.4 KVA of distortion-free power. 
groups) that include numbers, punc 


tuation marks, and lower case and cap Introduces no phase shift between input and output. 
italized letters. A sample code given 
in the paper, applied to a random Simultaneously provides additional 4 KVA of + 1% 


sample of Russian text, shows an ay electromechanically regulated power. 
erage length per symbol of 5.23 bits 


Normally, an 80-symbol combination 


Simultaneous two-pen recording of 60 ¢.p.s, voltage 


requires a seven-bit code, so here the Faster recovery time (less than _ pler, more accurate calibration of 


inherent characteristics of the language 
itself (such as the relative occurrence 
of symbols and no need for capitaliz 
ing certain symbols) allows a 25 pe: 


Yeoth cycle, or 330 microsec- meters... better design of trans- 

onds) plus the unique ability to formers, synchros, motors 

eliminate line distortion — these easier testing of such components, 

cent savings in the storage capacity of are the reasons why the Curtiss- with fewer rejects . . . easier, 

the machine Wright Distortion Eliminating more accurate measurement of 
lhe make-up of the source language Voltage Regulator has been chosen magnetic properties and receiver 

plays an important part in the perma by more and more laboratories sensitivity . . . better a.c. com- 

nent memorv svstem of the mechani and production test departments. puter performance . . . elimination 

cal translator I'he machine must Besides general laboratory use, of fast line transient effects, Write 

store all source language words and this line regulator provides sim- _for details. 

idioms, but so that the physical r 

quirements of the memory portion of 

the machine may be reduced, it need Electronic Component & 

not store internationals (words shared Instrument Sales Department 

by the source and target languages 

Other ideas for reducing the size of 

the memory (and hence the cost of 


ratty ' » |W 
the mechanical translator) are dis 
cussed: for example, the scheme for e 
dissecting compound words 
CORPORA " AR AO’ w fj 
The memory is essentially a di 
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N OW ABSTRACTS 
REPRINTS IN STOCK 
tionary. “About 1200 words consti 


1—MONITORS SAFEGUARD INDUSTRY'S PROCESSES $0.50 tute approximately 40 percent of text 
A staff-written survey of monitoring equipment available from material in most languages, so it 
prominent companies in the field would seem profitable to include these 

| words of short length and very high 


2~—A SYSTEMS ANALYSIS PREDICTS PERFORMANCE $0.70 probability of occurrence in a separate 


‘ 2 section of the memory. Then incom- 
A complete dynamic analysis of a Prenewre control systom by ing text words could be compared 
iy nee of Sverdrup and Parcel, Inc. This is @ superb “how It with this small dictionary before com- 
is done" reference for working control engineers parison with the large memory. For 


3—A FUNCTIONAL ANALYSIS OF LOGGING SYSTEMS. . . . | ~ ee sogee, Se. cictionary se 


quires the storage of about 40 mega 
This unique engineering survey uses block diagrams, tables, and bits of information”. 


schematics to analyze the functional use of all elements that can The design limits of the permanent 
make up a logging system. Compiled by engineers of Cook | memory are the maximum allowable 


Research Laboratories access time and the maximum allow- 


| able size. The size depends on physi- 

4—AUTOMATIC MACHINING—A VIEW & PREVIEW | cal limitations, while the access time 
This authoritative survey of present and forthcoming automatic | depends on the efficiency of the 
machine control techniques was written especially for the con- | search routine. “Thus it is some- 
trol engineer by Waldo Kliever of Clevite-Brush Development | times better to store more material in 
Rds Maes dn och eee Roe bia uke ee eaten rs Os 24 pp. | order to realize a more efficient search 
routine. The first criterion for deter- 

5~—DATA PROCESSING SYSTEMS—HOW THEY FUNCTION. . | mining the amount of material which 
This is the introductory article to CONTROL ENGINEERING's | _ must be stored in the memory system 
Basic Digital Series. By Jerre Noe of Stanford Research Institute, is necessarily the linguistic er 

it uses three unique graphic flow sheets to describe the potential ments of the problem”. Other factors 


for digital data processing in science, business, and process | _ that affect access time to the memory 
pec oe are the size of storage, sequence of 


storage, and the method of coding the 


6—OUR SCHOOLS ADVANCE CONTROL ENGINEERING. . . | material. 


; . : . Storage in the dictionary might be 
Five articles that describe advanced work in control systems : 


f . dene , first on the basis of word length and 
engineering at Cornell, Case, Michigan, MIT, and Ohio then alphabetical; or perhaps first on 


the basis of grammatical type and then 
alphabetical; or completely alphabeti 
7—TROUBLE SHOOTING IN ADVANCE BY PROPER WIRING $0.30 cal”. . . . Complete alphabetization 
A valuable reference work in which Gerald Weiss of W. L. has been one clearcut advantage over 
Maxon Corp. details pitfalls to avoid by proper grounding, all other methods; each word then has 
shielding, and twisting in control wiring design a unique address in the store deter- 
Note: There is a 10 per cent discount on all reprint mined by one criterion alone—the 

orders for ten copies or more of any one article. spelling of the word.” 

Next, Wall covers the logical oper- 
ations required to obtain the context 
of meaning rather than a word-for 
word translation. This means attach 
To: Reprint Department ing a linguistic “tag” which denotes 
CONTROL ENGINEERING PLEASE PAY FOR REPRINTS grammatical information about the 
330 West 42nd St. WITH AN ENCLOSED word. “The logical operations are 
New York City, N. Y. CHECK OR COIN CARD probably the most important area for 
contemporary research’. 


USE THE HANDY ORDERING FORM BELOW 





Enclosed is payment for the following reprints: Price & Quantity = Cost 
1—Monitors Safeguard Industry's Processes ............... 50 

2A Systems Analysis Predicts Performance .............. 70 ° 
3—A Functional Analysis of Logging Systems 70 Programming a Borer 
4—Automatic Machining—A View & Preview ............. 90 
5—Data Processing Systems—How They Function 

6—Our Schools Advance Control Engineering ............. 40 
7—Trouble Shooting in Advance by Proper Wiring ........ 30 


From “A Numerically Controlled 
Jig Borer” by J. J. Jaeger, Vice- 
president, Pratt & Whitney Co., 
—_ Inc., Paper 24T12, delivered at the 


Total Cos? Tool Engineering Conference, 
SEND REPRINTS TO: March 20, 1956. 


NAME The jig borer is ideal for numerical 
control because it is basically conceived 
COMPANY for measuring systems that permit high 

accuracy of tool or workpiece position- 
— — ing. Its heart is its measuring system. In 
(TOWN OR CITY) this case, a basic measuring bar having 
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l-in spacings along its length These 
spacings are electromagnetically sensed 
by a head that indicates its null po 
sition electrically. The bar can be 
built to a high degree of precision in 
long lengths. Present techniques per 
mit bars up to 80-odd in. long with a 
maximum inch-to-inch and accumu- 
lated error of less than 0.000050-in 
The bar is made of stabilized steel hav 
ing the same coefficient of expansion 
as the components of the machine 

rhe sensing mechanism operates 
through an air gap so that there is no 
wear due to the rubbing or contacting 
of adjacent surfaces. Since there is no 
mechanical backlash to be considered, 
positional errors in either direction 
can be detected readily. Readings can 
be taken remotely, so the bar need not 
be accessible to the operator and can 
be placed at its optimum position 

lo split each inch into its ten thou 
sand parts, the sensing head (which has 
virtually no electromagnetic force due 
to the low flux densities) is moved by 
a precision screw having 1-in. travel 
This screw is required to carry only 
the load of the sensing head and is 
manufactured to a high degree of pre 
cision. In addition, it is equipped with 
a corrector bar compensating for the 
remaining inaccuracy. Errors in po 
sitioning of the sensing head do not 
exceed 0.000010 in. Motive power to 
the table is completely independent 
of the measuring system. No wear 
can be expected in the measuring sys 
tem during its anticipated life. An addi 
tional advantage lies in the fact that 
zero can be arbitrarily established at 
any position along the table and meas 
urements can be taken ecither nega 
tively or positively, making it possible 
to dimension drawings from any bas« 
lines without requiring operator to 
establish a base line by computation 

Information to the machine can be 
presented either through an opera 
tor’s kevboard having dials (which can 
be pre-set to the desired dimensions 
or through a tape reader, which will 
take its information from holes pr 
punched in a tape. The information 
presented to the machine is broken 
into several groups for each of th 
X, the Y. or the other coordinates r 
quired. This digital information is 
converted into electrical analogs which 
contro] the several elements of thi 
system. Thus, on the basis of given 
information, an analog voltage repre 
senting the first three digits of the 
system is applied to the control to 
establish an approximate position of 
the slide. Simultaneously, two analog 
voltages, representing the decimal 
fraction of the inch for the micrometer 
drive, are applied to position the sens- 
ing head precisely to the fractional 
inch requirement. 


Where Dependability 
is Vital 


Daven Rotary Switches 
Are Specified 
HERE’S WHY: 


Patented knee-action retor— ensures low, uniform contact 
resistance, trouble-free operation. 


One-piece combination contact and solder lug— solid-silver 
alloy contacts, gold plated to resist corrosion 


Turret-type solder lugs— provide excellent mechanical and 
electrical connections. 


Roller-type detent—gives positive indexing action 
Minimum space—as many as eight poles on each deck. 
Write for complete data, catalog 


~DAVEN- 


540 West Mt. Pleasant Ave., Route 10, Livingston, W. J. 


es \=" 
INSTRUMENT-QUALITY COMPRESSED AIR 
HANKISON Condensifilters 


When you specify Hankison Condensifilters, your pneumatic 
instruments and controls receive POSITIVE PROTECTION 
from: 


Moisture, entrained and vaporized 
Oil, entrained and vaporized 
Dirt Scale — Rust 
Hankison Condensifilters combine a water-cooled condenser 
and a disposable filter cartridge in one compact, sturdy unit 
Write today for Bulletin M-7155R 
MODEL CAPACITY 
M-30 20 SCFM @ 100 PSIG 
M-100 100 SCFM @ 100 PSIG 


Condensifilters are ASME coded He? 


HANKISON CORPORATION 


=~ Biltmore Building . Pittsburgh 16, Pa. 
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Higgins on a Compendium .. . 


INDEXBUCHEN peR ‘TecuNntik, Bann 
ReceLuncstecunik. Published by 
Dokumentation der Technik, Miin 
chen 8, Zweibruckenstrasse 24, Ger 
many, Price: 82 DM _ (approx. 
$19.50). 


These ring-binder summaries of 
1,450 articles by 900 authors are rep- 
resentative of more recent consequen 
tial literature on the theory and appli 
cation of automatic control. The stress 
is on European literature, particularly 
German writings. 

The uses of this work are manifold 
for the teacher of control engineering, 
clues to a great volume of theory not 
contained in published textbooks; for 
the control engineer interested in de 
sign or development, many possibili- 
ties or applications that could prove of 
value in his work. The volume belongs 
in the libraries of all engineering col 
leges, on the reference shelves of all 
industrial and/or research organiza 
tions concerned with automatic con 
trol, and in the personal collections of 
those engineers most anxious to keep 
abreast of the rapid advance in modern 
control engineering. 


on Russian Control. . . 


Kiecrric Avuromatic ConrTro. 
(in Russian). A. G, Ivakehenko. 
Published by Gosudarstvennoe Izda 
tel’stro Tehknickeskoj Literatury 
URSS, Kiev, Russia. Vol. 1, 290 
pp., Vol. 2, 218 pp. 


This two-volume book is intended 
for engineering students (primarily at 
the graduate level) and for practicing 
engineers. As such, there is little in 
it that cannot be found in one of the 
major tests written in English, such 
as the two-volume work by Chestnut 
and Mayer. 

Volume 1, “Fundamentals of the 
Theory of Automatic Control’, opens 
with a chapter on basic notation and 
definitions, Subsequent chapters are 
devoted to formulating the differential 
equations of performance of various 
automatic control systems; determin 
ing the solutions for transient and 
steady-state operation of a system; 
and determining the nature of the sta 
bility of a system. 

Volume 2, “Investigation of Auto 
matic Control Systems by Use of Har 
monic Functions”, is a well-integrated 
account of frequency-response analysis. 
Frequency-response determination of 
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stability, compensation, response to 
both command and perturbing inputs, 
and other basic aspects of performance 
are emphasized, A particularly inte: 
esting account is given of the calcula- 
tion and improvement of relay-typ 
servomechanism performance. 

The writing is lucid and the detailed 
theoretical sections are buttressed by 
well-selected illustrative examples. ‘The 
chapters on relay-type servomecha 
nisms (a subject on which more has 
heen written in Russian than in Eng- 
lish ) are particularly good. ‘he teacher 
or engineer interested in the fine de 
tail of control theory will find much to 
be gained by a careful reading of this 


book, 


on Numerical Analysis . 


Méruopes pe DirréReENTIATION F1 
p'InrEGRATION NumMeRiours: Ap 
PLICATIONS (Methods of numerical 
differentiation and integration, with 
examples). A. Ziller, Professor of 
Engineering, University of Stras 
bourg, France, 150 pp. Publications 
Scientifiques et Techniques du Min 
istére de I’'Air, No. N.T. 50. Sold 
by Au Service de Documentation et 
D'Information Technique de I’ Aéro 
nautique, Magasin C.T.O.: 2, Ave 
nue de la Porte-d’Issy, Paris (15°), 
France, 1500 francs. (approx. $4.00) 


This clearly-written and well-organ 
ized work describes the author's own 
specialized procedures of numerical 
differentiation and integration, which 
complement, rather than parallel, more 
familiar procedures advanced in books 
on numerical analysis. Therefore, con 
sidering the amount of numerical an 
alysis that attends certain phases of 
modern control engineering (e.g., com- 
puting frequency response from experi 
mentally determined transient re 
sponse and vice-versa), this volume 
should prove of particular interest to 
the control or computer engineer con 
cerned primarily with the analysis 

The preface presents the general 
philosophy of numerical] analysis and 
Ziller’s particular approach; a foreword 
notes the origins of Ziller’s interest in 
numerical differentiation and integra- 
tion; and an introduction, delineates 
the scope and organization of the text. 
Nine chapters form its two major parts 

The first part, devoted to numerical 
differentiation, has five chapters 
Chapter I, “Detail Relative to Devel 
opment of a Function in a ‘Taylor's Se 
ries”, advances the basic theory of ex 
pansion in 4 terminated series of n 
terms with parameter 0 < @ < 1; a 
means for accurately approximating @; 
and formulation of an equation for 
computing the magnitude of the error 


resulting from use of an approxmnate 
value of 6. This theory is basic to the 
remainder of the work. 

Chapter II, “Numerical Differentia 
tion’, derives three-interval and four 
interval equations for obtaining the 
first five or six derivatives of a fun 
tion. These equations are used in 
Chapter III, “Interpolation”, and 
Chapter IV, “Extrapolation”, to ob 
tain equations for both direct and in 


verse interpolation and for extrapola 
tion—using equal interval If the 
function are not 
to di 


values of a 
equally spaced, it is necessary 
terrnine from the 
sponding equally spaced values. The 
procedure for doing so 
Chapter V 

The second part, devoted to numeri 
cal integration, contains four chapters 
Chapter I advances two equations for 
effecting numerical integration; one | 
based on the fact that the derivative of 
the integral of a function is the int 
grand of the integral, while the other 
is obtained by expanding the inte 
grand in a terminated Taylor's seri 
These equations form the basis for 
Chapter II, “Calculation of a Definite 
Integral”, which cover 
tions of 
ichieve ad 


given 


found in 


transforma 
intervals and functions to 
normalized unity interval, 
and the integration of trigonometric, 
exponential, square rooted ind com 
bined integrands. In turn, the equa- 
tions for single integration provide the 
numerical procedures for double int 
gration in both rectangular and polar 
coordinates (Chapter II! Chapter 
IV, “Solution of Differential Equa 
tions’, details a general scheme for 
differentiating a given equation to ob 
tain successive derivatives of the fun 
tion sought and substituting these in 
a terminated Taylor's to obtain 
numerical values of the desired func 
tion. Specific application of this 
demonstrated for 
equations of the first and 
This book is lucidly Each 
point of theory is given clearly and 
in full detail. Each procedure 
oped is supported by 
development of associated equations 
enabling calculation of the error stem 
ibility 
pertinent 
of the au 
each of the 
loped by the 
n of from 


} 
exam pies 


scheme is lineal 
cond ord I 


written 


ce vel 


oO! responding 


ming from its us The po 
of precise calculation of a 
error is the central featur 
thor’s work). Finalh 

numerous procedures deve 
author is detailed by soluti 
one to four illustrative 

chosen to show both the ad\ 
a procedure and, whe Nl thi \ 
shortcomings The reviewer 
mends this book to anyon 


intages of 
ccur, it 

recom 
mn erned 
with numerical computation—whether 
in control or computer engineering, 
data processing, operations research, o1 
programming. 





and on Automation 


l'une Avromatic Factory. 228 pp 
Published by E. and F. N. Spon, 
Ltd., 22 Henrietta Street, W.C. 2 
London, England. 30 shillings 
(approx. $4.20 


THe CHALLENGE OF AUTOMATION 
7 pp. Published by Public Affairs 
Press, Washington, D. C. 


l'une Auromatic Facrory: A Crit 
icAL Examination. S. A, June and 
* Associates. 88 pp. Published by In 
struments Publishing Co., Pitts 
burgh, Pa. $2.00 


INDUSTRIELLE AUTOMATISIERUNGS 
rECHNIK Industrial Automation 
Engineering). W. Hornauer. 160 

pp. Published by VEB Verlag Tech 
nik, Berlin W8, Germany. 15 DM 
approx $3.50). 


I'he Automatic Factory is a hard 
cover edition of the “Report of the 
June 1955 Margate Conference of the 
Institution of Production Engineers 
These papers were reviewed in th 
February 1956 issue of Conrrot 
ENGINEERING 

The articles in The Challenge ot 
Automation, essentially the proceed 
ings of the National Conference on 
Automation, nicely complement the 
British contribution. The latter papers 
deal primarily with the socio-economi 
consequences of automation, consider 
ing the effects of large-scale use of 
highly mechanized or full automatic 
equipment on workers, standards of 
living, and the national economy 
Much of the discussion is conjectural 
rather than factual; the control engi 
neer may therefore read it with reser- 
vation 

The Automatic Factory: A Critical 
Analysis reports on a look into con 
trol by a group of Harvard Business 
School students. They tried to “give a 
down-to-earth answer to the question, 
‘What is, and what can we expect 
from, the Automatic Factory?’” The 
report discusses difficulties to be over 
come before 100 percent automation 
can be achieved, costs, the social and 
economic significances of automation, 
ind associated topics; and gives de 
tailed accounts of four instances of 
automation. The reviewer doubts if 
this study provides a definitive answer 
to “the great contemporary question” 
but he found the economic and finan 
cial discussion and detailed case studi 
of great interest 

The actual engineering and imple 
mentation of automation is the them 
of the German book. Industrielle: 
Automatisierungstechnik gives an ex 
cellent account of the rapid growth of 





| THE NEW WAY TO CHECK 
A FLAT SURFACE 


— Without Touching It— 
USE A 
DAVIDSON PLANO-INTERFEROMETER 


With a Davidson plano-interferometer you 
can check the flatness of any surface smooth 
and flat enough to reflect light. With it you 
eliminate al! risk of damage to highly pol 
ished surfaces such as optical flats, gage 
blocks, lapped surfaces, seals, etc., because 
the work you are testing never comes in con 
tact with the reference flat, which is safely 
housed inside the instrument. Comparison is 
visual only, preventing any possibility of wear 
to the optical flat or work being tested 
Davidson plano-interferometers are built in 
horizontal and vertical types. They are de 
signed for use on the production line as well 
as on the inspection bench. With them you 
can optically measure surface flatness to 
1/10 of a fringe or to .000001 of an inch 


if you have an inspection or 
measurement problem of extreme 
accuracy, Davidson can help you solve it. 


Send for descriptive literature. 


xy DAVIDSON MANUFACTURING CO. 
FY 


RAMONA BLY 
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When circuit conditions 
require a tube with higher 
amplitication factor, specify ~ 


Chatham Type 5998 


IMPROVED 
TWIN POWER 


TRIODE 
-for voltage regulation! 
Similar to popular CHATHAM 
Types 6AS7G and 6080 Twin 


Power Triodes but offers a higher 











amplification factor. Characteristics 
include very low microphonics 
improved triode balance and 


reduction of plate current drift 


FOR COMPLETE 
INFORMATION 
call or write for 


the illustrated ION CHATHAM ELECTRONICS 


data bulletins 
Division of Gera Corporation—LIVINGSTON, NEW JERSEY 
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New 
Bondable 
Teflon and Rulon’ 
in tape, film, 
other forms 


Most people thought Teflon and 
Rulon could never be strongly 
bonded or cemented to other mate- 
rials. No solvents affect them — 
no common chemicals attack them 
— they are extremely slippery and 
non-adhesive. 


But Dixon is now supplying Bond- 
able Teflon and Rulon and in thin 
strips and film that may greatly 
reduce your costs. 


Write for 8 page bulletin 


*Dupont’s tetrafluoroethylene resin 


DIXON Corporation & 


BRISTOL 5, RHODE ISLAND 
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automation in Eastern Europe and of 
the enginecring techniques upon 
which the growth has been based. 
Many working installations of interest 
to the design-oriented control engineer 
are shown in the 139 figures. 


Briefly Noted by Higgins 


Macuine Literature SEARCHING. 
]. W. Perry, A. Kent, and M. Berry. 
162 pp. Published by Interscience 
Publishers Inc., 250 Fifth Avenue, 
New York, N. Y. 1956. $4.00. 


This book will prove of interest to 
anyone who is continuously searching 
large volumes of more or less perti 
nent data for specific details on one 
area of knowledge. It gives a complete 
account of different means and proce 
dures for automatically combing large 
reservoirs of published information—a 
rather unique form of data processing. 

Thomas J. Higgins 

Professor of Electrical Engineering 

University of Wisconsin 


Treatise on Automation 


AUTOMATION — FRIEND or For? 
R. H. Macmillian, 100 pp. Pub- 
lished by Cambridge University 
Press, 32 E. 57th St., New York, 
1956. $1.95. 


Macmillian makes quite a switch 
here from his highly technical Theory 
of Control (Cambridge University 
Press, 1951). In a few hours’ reading 
time, he paints a clear picture of auto 
mation today, its origin, and its pos 
sible consequences. 

He leads off with a brief history of 
automatic controls and their recent 
rapid development, pointing out basic 
differences between open and closed 
control systems and explaining under- 
lying principles with examples of 
typical application. 

In touching on the growth of auto 
mation in manufacturing and indus 
trial processes, the author outlines the 
basic problems facing designers of con 
trol equipment. The increased demand 
for better response and higher accuracy 
of control serves only to compound 
these problems. 

Recent developments in the com- 
puter field compel him to predict some 
interesting changes. “It seems certain 
that the routine clerical worker will 
finally disappear long before his oppo- 
site number in the workshop van- 
ishes,” 

Besides giving a fine treatment of 


the technical problems, Macmillian 
does a commendable job of pointing 
out the economic problems of automa- 
tion today. As for the future, he be 
lieves that “, . . engineers ought to be 
alive to the social and economic im 
plications of the machines and proc 
esses with whose design and operation 
they are concerned”. For these 
thoughts alone, the book is worth- 
while reading. 

A brief summary of related works on 
the subject of automation and auto 
matic control systems follows the last 
chapter. 


Briefly Noted 


How to Finp a Buyer ror Your 
Invention. V. D, Angerman, Edi- 
tor and Publisher, “Science and 
Mechanics Magazine”, 186 pp. Pub- 
lished by Science and Mechanics 
Publishing Co., Chicago. $2.95. 


The new thing here is a list of 140 
manufacturers who are definitely in 
the market for inventions. They are 
listed and indexed in four ways: by in 
ventions wanted; materials available, 
equipment and processes available, and 
consulting development, and market 
ing facilities. The book also tells how 
to contact the proper executive in each 
concern. 

The greater part of the text gives 
fresh treatment to such things as mar 
ketability and patentability of an in 
vention, patenting procedure, rights 
granted by patents, selling the patent 
vs. manufacturing, et 


DATA 
Edited 
194 pp 
School of 
Harvard 
Paper 


Proceepincs: AUTOMATIC 
PROCESSING CONFERENCI 
by Robert N. Anthony. 
Published by Graduate 
Business Administration, 
University, Boston, Mass 
bound. $3.50. 


Three hundred top executives and 
controliers attended this conference 
last September to hear how automatic 
data processing aids in the formulation 
of administrative decisions. The sub 
jects covered by the 12 talks included 
principles and techniques of data 
processing, problems in determining 
the utility of automatic data proces- 
sing, centralized vs. decentralized 
organization, standard and special — 
pose equipment, selection of applica 
tions, case studies in processing pay- 
rolls and production planning, and 
operations research. The book also con- 
tains the discussions that followed 
each session. 





WHAT’S AHEAD: MEETINGS 


AUGUST 


National Telemetering Confexence, 
Sponsored by Institute of Radio En 
ginecrs, American Institute of Elec 
trical Engineers, Instrument Society 
of America, Institute of Aeronau 
tical Sciences, Biltmore Hotel, Los 
Angeles Aug. 20-21 


Western Electronics Show and Con- 
vention (WESCON), Institute of 
Radio Engineers, Pan Pacific Audi- 
torium and Ambassador Hotel, Los 


Angel Aug. 21-24 


The Association for Computing Ma- 
chinery, | 1th Annual Meeting, Uni 
versity of California, Los Angeles 
Association address Box 3251, 
Olympic Station, Beverly Hills, 
Calif Aug. 27-29 


Sixteenth Annual Appalachian Gas 
Measurement Short Course, West 
Virginia University, Morgantown, 


W. Va Aug. 27-29 


Third Annual Symposium on Digital 
and Analog Computers, Denver Re 
search Institute and National Simu 
lation Council, University of Den 
ver, Denver, Colo Aug. 30-31 


SEPTEMBER 


Institute of Radio Engineers, Info: 
mation Theory Symposium, Massa 
chusettts Institute of Technolog 
Cambridge, Mass. Sept. 10-12 


American Society of Mechanical En- 
gineers, Fall Meeting, Denver, Colo 
Sept. 17-20 


Instrument Society of America, | 1th 
Annual Instrument - Automation 
Conference and Exhibit, N. Y 
Coliseum, N. Y Sept 17-21 


Industrial Electronics Conference (no 
exhibit American Institute of 
Electrical Engineers, and Institute 
of Radio Engineers, Hote] Manger, 
Cleveland, Ohio Sept. 24-25 


OCTOBER 


National Electronics Conference, In 
stitute of Radio Engineers, Ameri- 
can Institute of Electrical Engi- 
neers, Hotel Sherman, Chicago 

Oct. 1-3 


American Institute of Electrical En- 
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New 
Bondable 
Teflon and Rulon 
in tape, film, 
other forms 


Most people thought Teflon and 
Rulon could never be strongly 
bonded or cemented to other mate- 
rials. No solvents affect them — 
no common chemicals attack them 
— they are extremely slippery and 
non-adhesive. 


But Dixon is now supplying Bond- 
able Teflon and Rulon and in thin 
strips and film that may greatly 
reduce your costs. 


Write for 8 page bulletin 


*Dupent’s tetrafluoroethylene resin 


DIXON Corporation 2 & 


BRISTOL 5, RHODE ISLAND 











HONIER 
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NEW BOOKS 


automation in Eastern Europe and of 
the enginecring techniques upon 
which the growth has been based 
Many working installations of interest 
to the design-oriented control engineer 
are shown in the 139 figures. 


Briefly Noted by Higgins 


Macuine Lireratrure SEARCHING. 
]. W. Perry, A. Kent, and M. Berry. 
162 pp. Published by Interscience 
Publish ers Inc., 250 Fifth Avenue, 
New York, N. Y. 1956. $4.00. 


This book will prove of interest to 
anyone who is continuously searching 
large volumes of more or less perti 
nent data for specific details on one 
area of knowledge. It gives a complete 
account of different means and proce- 
dures for automatically combing large 
reservoirs of published information—a 
rather unique form of data processing. 

Thomas ]. Higgins 

Professor of Electrical Engineering 

University of Wisconsin 


Treatise on Automation 


AUTOMATION——FRrieND OF FOr? 
R. H, Macmillian. 100 pp. Pub- 
lished by Cambridge University 
Press, 32 E. 57th St., New York, 
1956. $1.95. 


Macmillian makes quite a switch 
here from his highly technical Theory 
of Control (Cambridge University 
Press, 1951). In a few hours’ reading 
time, he paints a clear picture of auto 
mation today, its origin, and its pos 
sible consequences. 

He leads off with a brief history of 
automatic controls and their recent 
rapid development, pointing out basic 
differences between open and closed 
control systems and explaining under- 
lying principles with examples of 
typical ego 

In touching on the growth of auto 
mation in manufacturing and indus 
trial processes, the author outlines the 
basic problems facing designers of con- 
trol equipment. The increased demand 
for better response and higher accuracy 
of control serves only to compound 
these problems. 

Recent developments in the com- 
puter field compel him to predict some 
interesting changes. “It seems certain 
that the routine clerical worker will 
finally disappear long before his oppo 
site number in the workshop van- 
ishes.” 

Besides giving a fine treatment of 


the technical problems, Macmillian 
does a commendable job of pointing 
out the economic problems of automa- 
tion today. As for the future, he be 
lieves that “, . . engineers ought to be 
alive to the social and economic im 
plications of the machines and proc 
esses with whose design and operation 
they are concerned”. For these 
thoughts alone, the book is worth- 
while reading. 

A brief summary of related works on 
the subject of automation and auto- 
matic control systems follows the last 
chapter. 


Briefly Noted 


How to Finp a Buyer ror Your 
Invention. V. D. Angerman, Edi- 
tor and Publisher, “Science and 
Mechanics Magazine’, 186 pp. Pub- 
lished by Science and Mechanics 
Publishing Co., Chicago. $2.95. 


The new thing here is a list of 140 
manufacturers who are definitely in 
the market for inventions. They are 
listed and indexed in four ways: by in 
ventions wanted; materials available, 
equipment and processes available, and 
consulting development, and market 
ing facilities. The book also tells how 
to contact the proper exccutive in ea h 
concern. 

The greater part of the text gives 
fresh treatment to such things as mar 
ketability and patentability of an in 
vention, patenting procedure, rights 
granted by patents, selling the patent 
vs. manufacturing, et« 


Proceepincs: Automatic Data 
Processinc CONFERENCE. Edited 
by Robert N. Anthony. 194 pp 
Published by Graduate School of 
Business Administration, Harvard 
University, Boston, Mass. Paper 
bound. $3.50. 


Three hundred top executives and 
controllers attended this conference 
last September to hear how automatic 
data processing aids in the formulation 
of administrative decisions. The sub 
jects covered by the 12 talks included 
principles and techniques of data 
processing, problems in determining 
the utility of automatic data proces- 
sing, centralized vs. decentralized 
organization, standard and special -_ 
pose equipment, selection of applica 
tions, case studies in processing pay- 
rolls and production planning, and 
operations research. The book also con- 
tains the discussions that followed 
each session. 





WHAT’S AHEAD: MEETINGS 


AUGUST 


National Telemetering Conference, 
Sponsored by Institute of Radio En 
gineers, American Institute of Elec 
trical Engineers, Instrument Society 
of America, Institute of Aeronau 
tical Sciences, Biltmore Hotel, Los 
Angeles Aug. 20-21 


Western Electronics Show and Con- 
vention (WESCON), Institute of 
Radio Engineers, Pan Pacific Audi- 
torium and Ambassador Hotel, Los 
Angeles Aug. 21-24 


The Association for Computing Ma- 
chinery, 11th Annual Meeting, Uni- 
versity of California, Los Angeles 
Association address: Box 3251, 
Olympic Station, Beverly Hills, 
Calif Aug. 27-29 


Sixteenth Annual Appalachian Gas 
Measurement Short Course, West 
Virginia University, Morgantown, 


W. Va Aug. 27-29 


Third Annual Symposium on Digital 
and Analog Computers, Denver R« 
search Institute and National Simu 
lation Council, University of Den 
ver, Denver, Colo Aug. 30-31 


SEPTEMBER 


Institute of Radio Engineers, Infor 
mation Theory Symposium, Massa 
chusettts Institute of Technolog 
Cambridge, Mass. Sept. 10-12 


American Society of Mechanical En- 
gineers, Fall Meeting, Denver, Colo 
Sept. 17-20 


Instrument Society of America, | 1th 
Annual Instrument - Automation 
Conference and Exhibit, N. Y 
Coliseum, N. ¥ Sept. 17-21 


Industrial Electronics Conference (no 
exhibit American Institute of 
Electrical Engineers, and Institute 
of Radio Engineers, Hote] Manger, 
Cleveland, Ohio. Sept. 24-25 


OCTOBER 


National Electronics Conference, In 
stitute of Radio Engineers, Ameri- 
can Institute of Electrical Engi 
neers, Hotel Sherman, Chicago 

Oct. 1-3 


American Institute of Electrical En- 
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are you 


LOOKING 


for fine 
pitch 
Precision 
gears? 


Spurs with Threaded Hub 








= 


— 
Special Shapes 


Spiral Ring Gears 





Splined Shatis with Mating Couplings , 


Film Sprockets 


Worm Wheels 


Quadruple 
Thread Worms 











Right Angie Spiral Gears 





Worm Wheels with Spur Gear Clusters 


Grooved Hub 








Spur Gear Clusters 








If your requirements 
include 

Ys," to 5” O.D.— 180-16 D.P. 
AGMA Precision #3 


Then, write us for 





prompt response, today! 


H.O. Boehme, inc. 
Designers and Manufacturers 
Communication Equipment 

Precision Electro-Mechanical 

Apparatus Since 1917 

915 Broadway 

New York 10, N.Y, 
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EDITOR 
WANTED 


CONTROL ENGINEERING’s expanding 
editorial content requires that we add 
an assistant editor to the staff in the 
very near future. We are looking for 
a man, preferably in the age group 
25 to 35, with: 


A BS in ME, EE, Aero, or Physics, 
a minimum of two years’ experi- 
ence in designing and applying 
control systems, and some writing 
ability. The man will operate in- 
itially under the supervision of an 
Associate Editor, and will deal with 
manuscripts obtained in the field. 
Near future prospects: a senior 
technical editing post. 


He must be willing to travel, and 
capable of organizing his thoughts 
rapidly and clearly on paper. The 
position open is in the New York 
editorial office of the magazine. 
The salary offered is on a level with 
existing engineering salaries for a 
well-qualified man. If interested, 
and available in the near future, 
please contact: 


The Editor 

CONTROL ENGINEERING 
330 West 42nd Street 
New York City, N. Y. 





(Continued from preceding page ) 


gineers, }'all General Meeting, Hotel 
Morrison, Chicago. Oct. 1-5 


Conference on Magnetism and Mag- 
netic Materials, American Institut 
of Electrical Engineers, Institute 
of Radio Engineers, Hotel Statler, 
Boston. Oct. 16-18 


National Conference on Industrial 
Hydraulics, Annual Meeting, Hote! 
Sherman, Chicago Oct. 18-19 


Institute of Radio Engineers, ‘Third 
Annual East Coast Conference on 
Aeronautical and Navigational Elk 
tronics, Fifth Regiment Armory, 
Baltimore, Md. Oct. 29-30 


CONTROL PULSES 


DATING THE TWINKLE 


Cambridge University’s Exdsac com 
puter, which for a year now has been 
calculating the age of the galaxy in 
which the earth spins, has come up 
with an answer: 6.5 billion vears. Fred 
Hovle, a British cosmologist, and ¢ 
B. Hlaselgrove, a mathematician, 
worked on the project, which began 
with a “model” star whose age was de 
termined by four differential 
equations relating to it radius, 
and it 


sets of 
ia 
pressure, etc., brightness and 
surface temperature. ‘Thes« character 
istics were then used figuring the ag 
of every cluster of 
100,000, 


other star in a 


STOREHOUSE OI 
KNOWLEDGE 


A dissenting opinion on automa 
tion, particularly magnetic-tape infor 
mation storage, has been made by U 
of California Librarian L. C. Powell 
He wants no part of it in his baili 
wick, castigating “anal probers and 
planners who long to d emphasize 
books, mechanize the library, and 
change its name to ‘materials center’.” 
He is worried about ‘dissemination of 
knowledge by machine” and feels that 
the recording and sion of 
know ledge can still be done better by 
the book than by any other known 
means. 


transml 


PROGRAMMED PARTIES 
The first fully 


been built! General Control Co.'s as 
sistant advertising Huntly 
Briggs, designed the machine, which 
is operated by controls set for liquor 
selection, mixer, and liquor propor 
tion. ‘To guard against over-indul 
gence, the machine ‘“‘fails safe” if 
more than 50 percent of a drink is 
of whiskey. 


automatic bar has 


manage! 


made 


DRIVING AWAY CUSTOMERS 


he new automatic 
chines were going for a 
down and $2.50 a week, 
buver could cart his purchase away in 
Chu the 


store in 


washing ma 
$10 


ind every 


low iS 


a free used car. Beacon 
Co., an appliance Akron, 
Ohio, not only had customers beating 
a path to its door, but drove them 


away, too 


AUTOMATION ON REELS 


vork for 
tionist of 
junter into 


By putting a “pinhead” t 
him, the movie-hous« 
the future may be able to 
the balcony to enjo' the show 


proy 


in com 





fort. The pinhead, a basic component 
in a device recently tested in a British 
cinema, touches off the various steps 
in movie-projecting by actuating asso 
ciated micro-switches located behind 
a rotating drum. The only function it 
does not control is machine change 
over. This is governed by electricity 
conducting lacquer applied to the tail 
of the film and sensed by detecting 
rollers 


WATER TO THE RESCUE 


Ihe discovery by Westinghouse 
atomic scientists that as water expands 
under heat, it knocks neutrons out of 
a reactor core, has suggested a simple 
way to control the reactor. Up to now, 
chain reactions had to be broken up 
by relatively rare, expensive, and hard- 
to-work materials like hafnium metal 
But a recent study of the steam phase 
of reactor kinetics has convinced scien 
tists that steam control rods can do 
the job more simply and less expen 
sively by letting extra neutrons “leak” 
out of the core 


COMPONENTS AT WORK 


The best way to take the “awe’’ out 
of automation is to show it as it really 
is—several precise, usually small com 
ponents, operating on the feedback 
theory. ‘That's just what The Servo 
Svstems Co. of Newark, N. J., has 
done, by developing what it calls a 
“Servo-Kit’, which contains a servo 
amplifier, two Barber-Colman motors, 
and a two-volume training course. The 
whole thing sells for less than $100— 
$98.50, to be exact—and weighs only 
22 lb. A preamplifier and a stabiliza 
tion unit are available for more pre 
cise or higher-gain applications. 


OFFERS AIR FORCE TALENT 

One way to alleviate the shortage of 
secondary-school science teachers is to 
send technically-trained Air Force per 
sonnel into high-school classrooms 
General Nathan F. ‘Twining, Air Forc« 
Chief of Staff, believes. In a speech 
at an armed forces luncheon in D: 
troit, ‘I'wining said that “inadequate 
numbers of technically-trained people 
could take on the nature of a truce 
national emergency, if it has not al 
ready” and that “just as the Air Force 
has stepped in temporarily to aid in 
other emergencies, we are now offer 
ing our help in this one” 


PAINTING WITH ELECTRONS 

Two (or more) Cars in every garage 
may be a fact if Ford Motor Co. per 
fects a new automotive paint. A few 
passes with an electro-magnetic gun 
and the neutral white changes to any 
color desired 


NOW YOU CAN BUY 


Clesayre’ S'NCHROS 


OFF THE SHELF! 


for 
extreme 
accuracy in 
transmitting 
signals... 


SHIPMENT GUARANTEED WITHIN 
9 DAYS FOR COMMERCIAL UNITS 


.. and within 20 days for Mil Spec units 
THESE UNITS ARE NOW ON THE SHELF 


(subject to prior sale) 
1HG THDG 3HCT 5F 1HG400* 
TF 3HG 3HDG 5D 1F400* 
THCT 3F SHG 5HDG 1HCT400* 
*400cy units are available to commercial specs only. All 
others are available to both military and commercial specs 


In addition to above units, Ford Instrument 
currently has many other sizes and types of 
synchros in production and approaching shelf 
status — also specials. Call or wire R. Banka, 
Component Sales Division, (STillwell 4-9000 
Ext. 513) for prices, or check and mail cou 
pon below, stating quantity. Check coupon 
space indicated if you wish FREE booklet on 
Ford's complete synchro line 


Ree ee ee ee 


Component Sales Division CE 


| 
FORD INSTRUMENT COMPANY |! 


DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Isiand City 1, N. Y 


Please send me prices and characteristics of the units 
checked below. 


1HG [| 1HDG 3HCT SF 1HG400° 
1F 3HG 3HOG 6) 50 1#400* 
1HCT aF [) SHG |} SHOG 1HCT400* 


“Available to commercial specs only 


[ } Units should meet Please send me 
military specs FREE booklet 


Name 
Position 
Company 


Street 


City 
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A MESSAGE 

TO CONTROL 
ENGINEERING’s 
SUBSCRIBERS AND 


ADVERTISERS: 


Valuable 
to Our 
Subscribers: 


Valuable 
to Our 
Advertisers: 


What Are Those Steps 
the Issue Will Cover? 


“HOW TO FOLLOW 
THE STEPS 


In Control Systems 


Engineering 


The theme of Control Engineering’s September Issue—the most val- 
vable single magazine issue ever published for the control systems 
engineering field . . . 





lor the first time anywhere, in book or magazine, all the phases of control systems 
engineering wil! be presented as an integrated unit. In September Conrror 
E;NGINEERING, each segment of control work will be related to the others as logical 
steps. ‘The issue will be, in effect, an authoritative source book, an omnibus, a 
“consultant-in-print” for the control engineer. It will, beyond question, become 
a part of the control engineer’s basic reference literature. 


This will be “the book” on control systems engineering, A to Z—from machine 
or process analysis, through design, to the specification of system components. 
You're surely aware how eager control men are for information that advances 
“the art.” They want to know “how to do it,” and they want to know just as 
urgently “what to do it with.” Your advertising will give them detailed facts on 
how your products “fit the loop,” . . . what particular advantages those products 


have in helping the control engineer solve a particular control problem. In an 


area where brand preferences are still unformed, you have an exceptional oppor 


tunity, in a basic reference such as this, to influence those preferences in your 
favor. The earlier you establish such preferences the stronger they will grow. ‘The 
scope of the articles in the “Follow-The-Steps” issue gives you a sound editorial 
premise for telling control engineers where you fit in. 


There will be 1] major articles, covering over 100 editorial pages. ‘They will start 
with “Why You Should Practice Control Engineering,” and end with how to test 
the completed. installed control system. Each article will follow in logical 
progression. 
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Who Will Read this Issue? 


Who Will 
Write the Articles? 


Who Started 
This Whole Project? 


Why Is It Timed 
for September? 


A Note About Copy: 


It will be read by more than 28,000 practicing control engineers, Our cin ulation 
department requires direct, confirmed evidence of job titles and responsibilities, 
before paid subscriptions are accepted. Subscribers are men who have proven they 
are entitled, as control engineers, to receive the publication. ‘They've been rigidly 
screened as men who select, specify and buy the instruments, components and 
other equipment used in control systems. (In addition to regular subscribers 


we're preparing for exceptionally large single copy sales 


"he author of each of the 11 articles will be ‘a respected authority in his special 
control area. Our editors have been rounding up these authors since last Novem 
ber, checking preliminary plans of the issue with them, correlating their ideas on 


how to integrate this presentation 


\ group we esteem highly—our readers. The men, who month in and out, apply 
Contro. ENcrneerinc’s editorial content to their job problem In traveling, in 
visits with their readers and contributors, our editors frequently ask, “What's the 
most urgent editorial job we should take on?” A frequent answer: “A story that 
ties together all the parts of control systems engineerin the Big Picture 


Imposing as it was, our editors took the challeng« 


For one thing, September will be our second anniversary of publishing Conrros 
ENGINEERING. For another, the editors decided the organizing and writing job 
would take a full 10 months. Thirdly: The ISA Show in September, at the 
Coliseum, New York. Looking ahead last November, the editors foresaw they 
could perform a genuine service in relation to this 11th Annual International 
Instrument-Automation Conference and Exhibit, by providing a unifying theme 
hey expect, very reasonably, that September Conrrot ENcineerine will broaden 
the thinking of control engineers who attend the show. It will open their minds 
to control ideas and products beyond their immediate work horizon ConrTrot 
I. NGINEERING S \-to-Z coverage will give contro] cngincel i] ictive interest in 


the broad range of the product displays they are exposed to at the ISA Show 


It's important in this September issue to register the entire ope of your com 
pany s activities. Present all the products and services your compony offers relating 
to instrumentation and control in wet process, machinery or airborne application 
We have sound evidence that our subscribers do like, and read, long articles and 
detailed advertising copy, when cither is pertinent to the problems these men 
must solve l'ake sufficient space to cover thoroughly your product specification 


and application data. Our readers want all the product detail you can give them 


Closing for advertisers: August | st Control 


ENGINEERING 


@: 


A McGRAW-HILL PUBLICATION * 330 WEST 42ND STREET, NEW YORK 36, N.Y, 
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® Research 
® Testing 
@ Design 
® Patents 


© Instrumentation 
® Control Systems 
® Economic Studies 
® Management 





( waTiONAD- EMPLOYMENT OPPORTUNITIES 


jhe Advertisements in this section include all employment opportunities—execu- 


"COVERAGE tive, management, technical, selling, office, skilled, manual, etc 


{ Positions Vacant Civil Serviee Opportunities Employment Agencies 
F ct \ Positions Wanted Selling Opportunities Wanted Employment Services 
Part Time Work Setiing Opportunities Offered Labor Bureaus 


DISPLAYED ——- RATES —-—— UNDISPLAYED 
The advertising rate ix $17.80 per inch for all adver $1.80 per tine, minimum 3 tines. To figure advance 
tising appearing on other than a contract basis payment count 5 average words as @ line. 
Contract rates quoted on request Box Numbers—counts as | iine 
An advertising inch in measured %” vertically on « Discount of 10% if full payment is made in advance 
column-——-3 columne—30 inches to a page for 4 consecutive insertions 
Subject to Agency Commission Not subject to Agency Commission 


Send NEW ADS to Classified Advertising Div. of CONTROL Gnarmeenine, P. 0. Box 12, N. Y. 36, N. Y., 
or Sept. issue closing July 27% 














GEORGE P. ADAIR ENGINEERING CO. 
Coneulting Engineers 
Telene' ei . 3 Electronic Processing 
ision Design Development a 
Application 
1610 Kye Street, N. W. Washington 6, D. CO. 
EXeoutive 38-1230 








APPLIED TECHNOLOGY 


Consultant and Development Engineers 


INDUSTRIAL ELECTRONICS CONTROLS 


Photo-cell control systems, test equipment, custom 
electronic and magnetic amplifiers and power sup- 
piles, analog and digital cireuitry and applications 


Box 127 Baldwin, New York 








HANSON-GORRILL-BRIAN INC. 
Specialized Control Systems 
ELECTRICAL - ELECTRONIC 
HYDRAULIC - MECHANICAL 
85 Hazel Street Gien Cove, N. Y. 
Glen Cove 4-7300 


CONTROLS ENGINEER 


A few openings have developed in our organization for well qualified 
engineers who can participate in and lead in these areas: 


® Analysis and development of controls systems and components 
© Control testing of systems and components. 


Mature engineering judgment is essential and at least 3 to 5 years 
experience in controls systems, servo-mechanisms and mechanical! 
servos, with emphasis on the latter, and in some cases, proven ability 
in supervision. 

These are not typical engineering positions. The work is of an 
advanced nature and opportunities for promotion are clearly outlined 
The salary is commensurate with ability and is coupled with many 
additional benefits. 

The location in the Northeast is fine for family living. The operation 
offers stability in its product appeal to both commercial! and military 
markets. 


For further information write, giving 
details of education and experience to 


P-2277, Engineering News-Record 
Classified Adv. Div., PO Box 12, New York 36, N. Y 











SVERDRUP & PARCEL, 
Engineers—Architects 


Comprehensive Control Engineering Services 
Systems anaiyeis and design of automatic controls 
and instrumentation for atomic energy . . . chem- 
leal plants petroleum refineries... . steel 

janis... . tet facilities... . and other process 
ndustries 


915 Olive Btreet St. Louls 1, Missouri 


* Foreign Service * | + SALES — 
Control and Telegraph Terminals 
INSTRUMENT tay. saps. sores aentpmere & aol on pros: 
pects in Southern California & Texas 


REPAIRMEN RADIO FREQUENCY LABORATORIES, Inc. 


BOONTON, NEW JERSEY 














Mini 4 years journeyman experience 








CONTROL TRANSMITTER 


(CLASSIFIED ADVERTISING) 
SALES @ BUSINESS 
EQUIPMENT (Used or Resale) 


“OPPORTUNITIES” 


UNDISPLAYED RATE 
(Not available for equipment advertising) 


$1.80 per line, minimum 3 fines. To figure 
advance payment count 5 average words to 


@ line. 
DISPLAYED RATE 
The advertising rate is $17.80 per inch for all 
advertising appearing on other than contract 
basis. Contract rates quoted on request. 


testing, inspecting and repairing modern | | 
flow, pressure and temperature instrumen- SELLING OPPORTUNITY WANTED 
tation in petroleum or chemical processin 
r a P 9 Sales Engineering organization requires tine 
plant. of control instruments, computers, process 
Zz pumps, throttling valves, pressure vessels, 
Salaries $605 monthly plus generous living etc. Metropolitan NYC area coverage plus 
allowance; liberal, all-inclusive benefit pro- Long Island and New Jersey. Write: Au- 

. 2 " | tronie Associates Inc., 509 Sth Ave., New 
gram. Write giving full particulars regard- York 17. N. Y. 


ing personal history and work experience. 





Recruiting Supervisor, Box 164 


ARABIAN AMERICAN 


505 PARK AVENUE | Is it complete? 
NEW YORK 22, NEW YORK Are you expanding it? 











Making Replacements? 





FOR SALE 
3 Leed & Northrup Micromax 
Circulor 
Indicators/Recorders/ Controllers 
for temperature control with chromelalumel 
couples. Excellent condition. $300. each. 
GERBER SALES CO. 
46 Pearl %. Brookline, Mass. 











eAt Your Service . 


The Control Transmitter Sestten (0 
ur service to busines, 
“opportunities” to t 

in executive, ma 

responsible techni 4 engineering ome 

operating capacities with the industry 

served by this publication, 











ELECTRONIC —),| retrotr. rox or onstos to secur 


the most suitable man or men available. 


ENGINEERS | You want men with the special training 


GROWTH OPPORTUNITY | that will make them an asset to your 
with expanding electronics organiza- organization. You can contact such 
Boy EES men through an advertisement in the 
p= tons video processing. special po Bmployment Opportunities Section ef 
—e— CONTROL ENGINEERING. 

Send resume to Chief Engineer 

SKI ATR On Classified Advertising Division 
Cegvni teleien Cor. CONTROL ENGINEERING 
100 Varick $.. N.Y. P. ©. Box 12, New York 36, N. Y 


A 
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EMPLOYMENT OPPORTUNITIES 


To 
the truly 
creative man- 


no 
greater 
challenge 


Men who are interested in the 
long-range planning of new data 
processing systems are invited to 
discuss an exciting future at IBM. 


IBM is now studying the future 

requirements of industry, govern- 

ment and science for the handling 

of information. Systems engineers 

are needed to analyze these re- 

quirements and to create new 

systems, concepts and plans. Ex- it’s 
perience in the computer field is 

not essential; experience with sys- 

tems other than data processing earlier 
may qualify you for this work. 

Examples of such experience are: 

communications networks, than 
guided missile systems, automatic 

control systems, business methods 

and controls. The essential fea- you 
tures of the kind of experience that 

will qualify you are the knowledge 

of a variety of types of equipment th 1 r Kk 
and ability to evaluate various 

solutions to systems problems. 


The task of designing integrated An important group of engineers in the air- 
systems of humans and machines 
to achieve still more effective re- ‘ 
sults from complex data proc- old of outer space. 

essing offers opportunities for That group is at Martin, where creative engi- 
spectacular achievements in the , i 3 ‘ 

next few vears—with rewards neering is being applied to research and develop- 
commensurate with the impor- ment in the most advanced areas of rocketry and 
tance of the project. 


craft industry is already working on the thresh- 


space systems planning. 
For further details write to W. » y ; : 
M. Hoyt, International Business No other organization in the world hasa higher 


Machines Corporation, Room ceiling on its future. 

— a Madison Ave., N. Y. This is the ground floor, and it’s earlier than 
you think. If you are interested in exploring 
some of the most exciting engineering oppor- 

Plants and Laboratories at Endicott, Poughkeepsie, tunities in the world today, contact J. M Holly- 
Owege ond Kingston, Ni. V., and San Jose, Colll. day, Department CE-08, The Martin Company, 


Jaltimore 3, Maryland. 
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EMPLOYMENT OPPORTUNITIES 


* ¥ og 


“Give me a place 
tostand... 
a lever 
and a rock and 


i 
will 
move 


the 


earth” 


Today, as in Archimedes time, many a scientist 
and engineer is stymied 
through lack of facilities for research, 
development and production 

of an “out of this world” idea. 
To such individuals, Farns- 
worth is “the place to stand, the lever and 
the rock” in these exciting and 
challenging fields: Missile guidance, control, 
and test equipment systems, micro- 
waves, radar and countermeasures, infra-red 
systems, industrial electronics, an- 
tennas, transistor and pulse circuitry and 

packaging. 


Your resume will receive 
immediate, confidential attention. 


Address Technical Employment Director 


FARNSWORTH ELECTRONICS COMPANY, FORT WAYNE, INDIANA 
A Division of International Telephone and Telegraph Corporation 
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Saw, 


Please send resume 


transistor 
circuit 
engineers 


SWANN 


s 


Oo 
~ 


Selary— 
up to $12000 
(Commensurate % Challenging 
with i, 
experience) openings in the 
field of transistor 


circuit design 
oS CRAPEURND Spi and development 
Manager of Tech- 4 - + + for applica- 
— _ rr g tion in fire con- 


trol, navigation 


FY? | eee 


i systems... 
Division ee izing analog 
American Bosch % and digital com- 


Arma Corp. puting toch- 
Roosevelt Field, 
Garden City, 
L.L, N.Y. 





ADVERTISING MAN 
WANTED FOR 
TECHNICAL PropucTs 


Previous advertising experience not 
necessary but helpful. Must have 
at least two or three years of college 
with courses in engineering and 
technical subjects and like to write. 
If you have the qualification we 
have an opportunity open for you. 
Man selected will be trained in all 
phases of industrial advertising. In 
your letter of application state age, 
education, positions held, and give 
statement of why you want a career 
in advertising. Location: well-known 
Connecticut company. 


P-1210 Control Engineering 
330 W. 42 St., New York 26, N. ¥ 











SALES and SERVICE ENGINEERS 
WANTED 


Excellent opportunities for engineers with 
well established East Coast Industrial In 
strument Manufacturer now expanding 
branch office coverage. 

Electrical, Mechanical, or Electronic Engi 
neers preferred. 

Openings for Sales Engineers in St. Louis, 
Los Angeles, Cleveland, and Boston. 
Openings for Service Engineers in Buffalo, 
Los Angeles, and San Francisco. 

G pany paid benefits include 
hospitalization, pension, insurance, and 
vacation plans. 





P-1917, Control Engineering 
330 W. 42 St., New York 36, N. Y 




















wants... 


ELECTRICAL 
ENGINEERS 
PHYSICISTS or 
MATHEMATICIANS 


FOR 
APPLICATIONS- 
ENGINEERING 


COMPUTOR 
OPERATION 
FIELD SALES 


A splendid opportunity awaits 
personable men who enjoy meet 
ing people—to solve applications 
problems and explain the appli 
cations of the extensive variety of 
products and “know how” of 
Reeves—a name synonymous with 
ingenuity and precision in elec 
tronics and the electro-mechanical 
fields 


You will work with the entire 
Reeves organization in expanding 
ovr automations and computer, 
gyro and resolvers fields 


Because your job is to solve prob 
lems and sell your solutions based 
on Reeves products and skills, you 
must be a man who enjoys the 
challenge of selling 


You will work from the home of 
fice with some travel. You will be 
paid well NOW—with plenty of 
future opportunity. U. §. citizens 
only 


if you can make it this week—fine 
If not—write a note, tell us when 
you can come in and a bit about 
yourself. You'll like working with 
Reeves 





REEVES INSTRUMENT 
CORPORATION 


215 E. 91st St., New York 28, N. Y. 
Mr. Carew — TR 6-6222 
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EMPLOYMENT OPPORTUNITIES 


DEVELOPNENT 


fb integrating accelerometer you see on the opposite page 
is only one of many new control devices coming from 
Honeywell these days. Our many development programs are 
among the most advanced in the country. At Honeywell Aero, 
prospects for even greater progress are very real 


@ With many design teams working on a great variety of 
projects, we have exceptionally exciting opportunities to offer 
engineers capable of designing components and systems for 
INERTIAL GUIDANCE * DIGITAL COMPUTERS 
FLIGHT CONTROL SYSTEMS * LIQUID MEAS- 
UREMENT SYSTEMS * VERTICAL AND RATE 
GYROS ¢ STABILIZED PLATFORMS *¢ INLET AREA 
CONTROLS * JET ENGINE CONTROLS 


@ At Honeywell you'll head up your own task group. Drafts 
men, technicians, model makers and evaluation engineers es- 
sential to the project will look to you for technical instructions, 


@ An engineering degree or its equivalent plus practical ex- 
perience with related or similar equipment is required 


CONSIDER 
THESE ADVANTAGES 


@ Minneapolis, the city of lakes and parks, offers you metro- 
politan living in a suburban atmosphere. No commuting 


@ Your travel and family moving expenses paid 


@ Salaries, insurance-pension programs, plant and technical 
facilities are all first-rate 


® Honeywell, leader in control systems, manufacturers of over 
10,000 different products, offers unusual diversification and 
variety. A sound growth company, continually expanding, it 
offers permanent opportunity to you 


WRITE TO US 


If you are interested in a career at Honeywell, call collect or 
send your résumé to Bruce Wood, Technical Director, Dept 
CE-8-98, Aeronautical Division, 2600 Ridgway Road, Minne 
apolis 13 


Honeywell 
Tout on Couttol 
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EMPLOYMENT OPPORTUNITIES 


This coupon mailed TODAY |, 


...may bring you 


a brighter TOMORROW! 


There just isn't any question about it — 
the trained engineer of today has more 
opportunity than ever before. 

However, and this is vitally important, 
the possibility for individual progress is 
far greater in certain organizations than 
in others, That's why every engineer 
concerned with his future should look into 
the job opportunities offered in the guided 
missile field. 

Here at Bendix Products Division— 
Missiles, you can get in on the ground 
floor of a new, but proven, dynamic 
business with long-term potentials in the 


CONTROL ENGINEERING 


development, engineering and manufac- 
turing of the nation’s most important 
weapons system. It is truly the business of 
the future with many commercial as well as 
military applications. 

Then, too, at Bendix Products Division — 
Missiles, you have all the advancement 
possibilities of a compact, hard-hitting 
organization backed by the resources of 
the entire nation-wide Bendix Aviation 
Corporation, 

So that you may analyze for yourself 
the various job opportunities and the 
possibilities of rapid advancement, we 
have prepared a thirty-six-page book 
which gives detailed background of the 
functions of the various engineering groups. 

Any ambitious engineer looks forward to 
a brighter tomorrow. May we suggest 
that the first step toward this goal is the 
mailing of the coupon for your copy of 
“Your Future in Guided Missiles”. 


DIGITAL 
ENGINEERS 


for Long-Range Programs 
Airborne Control Applications 


Challenging assignments 
with opportunity to carry 
our ideas through to fina 
hardware and operationa 
flight testing in 


@ Computer Organization 
© Logical Design 

@ Advanced Circuit Design 
J lok Y De , 


@ Packaging and Reliability 
Salary—vup to $12000 


(Commensurate with experience 





Send resume in confidence to 


Manager of Technical Personnel 
Dept. 674 


FE Loe 


Division of 
American Bosch Arma Corporation 
Roosevelt Field. Garden City 
Long Island, N. ¥ 





PERSONNEL MANAGERS 


LOOKING FOR 
ENGINEERS . . . TECHNICIANS ? 





Write 
for free 
copy of 


“RESERVOIR OF ENGINEERS 
AND TECHNICAL MEN” 


he engineers and technicians you want 

to reach are gathered in convenient, com- 
pact groups 
out. 


as this 16-page booklet points 


It keys the job titles these men hold to the 
McGraw-Hill publications they read for on- 
the-job information. It explains how you can 
make contact .. . channel, concentrate your 
employment advertising to just the men with 
the job qualifications you want 


Write for your free copy to 


Classified Advertising Division 
CONTROL ENGINEERING 
P. O. BOX 12, N. Y. 36, N. Y. 








Roosevelt Plieid 


ENGINEER, E.E. 


SERVO APPLICATION 
AND DESIGN 


Here's an opportunity for oa creative 
engineer with 5 yeors experience 
and additional study in the field. Must 
have solid technical bockground 

plus ability to make sound engineering 
dex ns 


Servomechanisms and associated 
components are treated as an art at 
General Electric's Naval Ordnance 
Department. Original contributions 
welcomed in design of technically 
advanced systems 


An outstanding feature is the 
opportunity GE will provide you to 
keep abreast of current developments 
in the field. This is only one of the 
professional advantages you will 
gain, in addition to personal 
recognition for work performed. Too, 
you will gain all advantages of 

one of the most progressive and 
comprehensive company benefit 

pions in industry, plus excellent 
salary, commensurate with experience 


Please send resume in confidence to 


Manager, Engineering Admin 
Naval Ordnance Department 


= 
= 


GENERAL @® ELectRic 


100 Plastics Ave:ve 
Pittsfield, Mass 


SYSTEMS ENGINEERS 


FOR ADVANCED WEAPONS SYSTEMS 


Join a team of engineers and 

ists already working on 
stimulating assignments in the 
challenging field of Guidance 
and Control. 


Carry your ideas through to 
final hardware and operational 
flight testing, 

erform creative system studies 
and instrumentation. 

Apply the latest technological 
knowledge in such areas as: 


INERTIAL GUIDANCE © DYNAMIC ANALYSIS 


BALLISTICS RESEARCH © TELEMETRY 
Salary—wp to $12000 
Commensurate with experience) 
Send resume in confidence to 


Manager of Technical Personnel, Dept. 674 


8 PERE 


Division American Bosch Arma Corp 
Garden City, L. L, N. Y¥. 


% 
wy 
> % 
- %, 
s 4% 








ASST. CHIEF ENGINEER 
Controls Division 
Present chief 62 years old, retiring soon. 700 man 
plant. products have unexcetied acceptance through - 
out U. & Potential untimited to creative engi 
neer Starting salary $1/2.000.$15,000 Employer 
pays agency fee & relocation cost 
28 E. jackson Bivd Chicago 4, ttt 


MONARCH PERSONNEL 








This might well be 


EMPLOYMENT OPPORTUNITIES 


the most important letter Youll ever write 


... because it could open the door to a 


lifetime job in a wonderful company 


If you're an Electrical Engineer, with a 
high degree of skill and imagination in 
any of the twenty-odd fields listed right, 
we believe we can offer you the most 
promising opportunity in America 

Since 1940, Stromberg-Carlson’s vol- 
ume has increased sixteen times. In 1955, 
we became a division of the headline- 
making General Dynamics Corporation, 
Our future is as unlimited as humans can 
promise themselves and you could well 
grow with us. 

We are not looking for job-hoppers 
but for men now stymied either by the 
limitations of a litthe company or the 
complexity of a giant. In any of the job 
classifications listed here, you'll find sat 
isfaction and opportunity 

And you'll like Rochester—well-known 
for its grand schools, handsome residen- 
tial sections and wide entertainment, va- 
cation and cultural facilities. This firm's 
employee relations (including a liberal 
bonus plan) make it one of the state's 


preferred industries. 


Write today—for an assured tomorrow! 


Send your letter to 





Audio Amplifiers 
Auto Radio 
Automation Research 
Carrier, Wire-Line 
Countermeasures 
Data Processing 
Digital Techniques 
Electro-mechanical Design 
Electronic Carillons 
Electronic Switching 
Infrared 
Intercom Systems 
Laboratory and Test 
Engineering 
Loudspeaker 
Magnetic Tape Recorders 
Microwave, communication 
Navigational Systems 
Radar 
Telephone Switching Technique 
Transistor Engineering 
Voice communication 
Writers—Bid Proposal 

e Writers—Technical 


Arthur N. Paul 


STROMBERG- -CARLSON COMPANY SC 


il NERBAL OVNAMICS Ra? 


1U9 CARLSON ROAD, 


ROCHESTER 3,N.Y 


oS 


, 
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EMPLOYMENT OPPORTUNITIES 


DU PONT 


now has available 


ONE CAREER 
POSITION 
of 


MAJOR 
RESPONSIBILITY 


in Automatic Process 
Control Engineering 


Our Engineering Service Division 
has | diately available a chal- 
lenging position for a graduate 
chemical, electrical or mechanical 
engineer experienced in research, 
application, consulting, or design 
of automobile controls for chem- 
ical, mechanical, or aeronautical 
applications, 





Successful applicant will provide 
consulting advice to operating 
plants and development labora- 
tories on the application of auto- 
matic control to new processes and 
for the improvement of existing 
processes. Position will require the 
study of process controlability by 
analysis of open and closed loops 
and the measurement of control 
characteristics of instrument com- 
ponents. 


NEW YORK CITY 
INTERVIEWS 
Sun-Mon-Tues-Wed 

Sept. 16-17-18-19 

For appointment, please call 


Mr. J. C. Costello, Jr. 
Circle 7-051 


Or you may send complete 
resume, including detatla of edu 
cation and experience, to 


Mr. J. C. Costello, Jr. 


Engineering Department 


GU POND 


Better Things for Better Living 


E. |. du Pont de Nemours 
& Co., Inc. 


Wilmington 98, Delaware 
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Opportunities in... 


INDUSTRIAL ELECTRONICS 


RESEARCH and DEVELOPMENT ENGINEERS 


PHYSICISTS - 


SALES ENGINEERS 


SYSTEM ENGINEERS 


Work in the following fields: 
ELECTRONIC WEIGHING ¢ ELECTRONIC CONTROLS 


ELECTRICAL TRANSDUCERS * DATA HANDLING 


SERVO MECHANISMS 


Growth Opportunities Created By Company’s 
Expanding Activities In Non-Military Industrial 


Electronics Contracts. 


Send resume to: 


MR. G. C. REISER 


TOLEDO SCALE CO. 


Telegraph Road 


Toledo, Ohio 











FOR RATES OR INFORMATION 


About Classified Advertising 
Conteil by # 


McGraw kilt Of 


ATLANTA, 3 
1321 Rhodes-Haverty Bldg. 
WAlnut 5778 
R. POWELL 
BOSTON, 16 
350 Park Square 


HUbbard 2-7160 
H. J. SWEGER 


CHICAGO, 11 
520 No. Michigan Ave. 
MOhawk 4-5800 
W. HIGGENS 


CINCINNATI, 37 
1915 Rockingham Ave. 


REdwood 1-4537 
G. MILLER 


CLEVELAND, 15 
1510 Hanna Bidg. 
SUperior 1-7000 
W. SULLIVAN 
DALLAS, 2 
Adolphus Tower, Main & 
Akard Sts 


PRospect 5064 
G. JONES 


ice a You. 


DETROIT, 26 
856 Penobscot Bidg. 
WOodward 
W. STONE 
LOS ANGELES, 17 
1125 W. 6th St. 
MAdison 
Cc. McREYNOLDS 
NEW YORK, 36 
330 West 42 St. 
LOngacre 
R. LAWLESS 
S. HENRY 


D. COSTER 
R. HATHAWAY 


PHILADELPHIA, 3 
17th & Sansom St. 
Rittenhouse 


E. MINGLE 
H. BOZARTH 


ST. LOUIS, 8 
3615 Olive St. 
JEfferson 
W. HIGGENS 
SAN FRANCISCO, 4 
68 Post St. 
DOuglas 
R. ALCORN 


4-3000 











EMPLOYMENT OPPORTUNITIES 


uyorauuic | fy DU PONT 


Neeps RESEARCH Le offers 
ENGINEERS POSITION 
f 


To Develop TEST FACILITIES for Jet Engine Fuel 
Control Systems and Components. 


0 
Working with: Test Stands | RESPONSIBILITY 


High Energy 
Fuels at } Environmental f in 


a < { a Test Cells 
ad ee Instrumental 
Instrumentation Measurement of 
Process Variables 


High Pressures 
Servo Operated Afterburner Fue! Controls, Inlet Temperature and Turbine 


Speed Sensing Electro-Hydraulic Servo Controls. 


Applicant should have B.S. Degree Plus 4-6 Years Experience Relative The Engineering Service Division 
to Hydraulic Engineering, Valve Design, Hydraulic Servos, Instru- of du Pont’s Engineering Deport 
mentation and Testing of Fluid Control Devices, or Other Associated ment now has one opening for a 
Fields.— Write to Mr. J. Heffinger, Supervisor of Salaried Personnel graduate engineer whose re 


sponsibilities will include trouble 


AC THE ELECTRONICS DIVISION shooting, consultation, and tech 
GENERAL MOTORS CORPORATION Se an os 
MILWAUKEE 2, WISCONSIN also FLINT 2, MICHIGAN ultra-violet spectroscopy to auto 


matic analysis of chemice! process 
fluids and the application of in 


struments for measuring viscosity, 





temperature, pressure, flow, and 


other process variables 


- The successful applicant will be 
E expected to have substantial ex 


perience in research, application, 





consulting, or development of 


Career opportunities in instrument engineering. Semarques Sor MOCEy (eNE 


variables 


Candidates considered with degrees in either Mechan- 


NEW YORK CITY 


INTERVIEWS 
years’ experience in process control instrumentation un thee Sean tiied 


ical, Electrical or Chemical Engineering. Two to Five 


. . . . Sept 16-17-18-19 
and/or application of pneumatic and electronic con- 4 


For appotr [. pleaae caul 


trol equipment required. Mr. J. C. Costello, Jr 
Circle 7-605) 


Give full and specific details of education, experi- 
ence, desired salary, availability date and references. 


Mr. J. C. Costello, Jr 


Mngine ¢ Departmer 


All inquiries will be considered promptly and held 


confidential. al) DONT 


ESSO STANDARD OIL COMPANY beer ig re ng 


Esso Research and Engineering Company E. 1. du Pont de Nemours 


Employee Relations & Co., inc. 
P.O. Box 51 Linden, N. J. i a 
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ADVERTISING IN THIS ISSUE 


fs 


Acro Switch Div., Acro Mfg. Co, 119 

Acton Laboratories, Inc 

Adams & Westlake Co., The. 

Askania Regulator Co, . . 

Autonetics Div., North 
can Aviation, Inc. 


Ameti- 


Baldwin-Lima-Hamilton . 
Barber-Colman Company 
Bendix Aviation Corp. 
Computer Division 
Benson-Lehner Corp. 
Berkeley Div. Beckman Instru- 
ments Inc, 
Boehme, Inc., H. O. a] 
Borg Corp., The George W. 
Bryant Chucking Grinder Co. 
Buffalo Meter Co. ae 
Burroughs Corp., Electronic 
Instruments Div. 


c 


Campbell Industries, Inc., A. 
Sub. of Clarostat Mfg. Co., 
Inc. ; 

Century Electronics & 
ments, Inc. 

Chatham Electronics 

Crucible Steel Co. of America 

Curtiss-Wright Corp. 


Instru- 


D 
Daven Co., The 
Davidson Mfg. Co. 
Davies Laboratories, Inc. 
Daystrom Pacific Corp. 
Dixon Corporation 
DuMont Laboratories, 

Allen B. 


Inc., 


Eaton Mfg. Co., Dynamatic Div. 
Electrical Industries i Gasahars 51 
Electronic Associates, Inc. 56 
Electronic Engineering Co., of 
California ~ aes 
Electrons, Incorporated 149 
E1\-Tronics, Inc, 16, 17 


F 


Fairchild Controls Corp 
Components Division 60 
Firestone Guided Missile Div. 42 
Fischer & Porter Co, Fourth Cover 
Ford Instrument Co., Div. of 
Sperry Rand Corp... . 106, 151 
Freed Transformer Co., Inc. 139 


G 
General Electric Co, 

Electronics Div. 36 
General Mills, Inc. 127 
Genisco, Inc. , 52 
Gulton Industries, Inc.. 47 
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Hankison Corp. 145 
Haydon Mfg. Co., Inc. 125 
Hays Corporation 28 
Hewlett-Packard Co. 64 
Hunter Manufacturing Co. 148 


International Resi..aace Co. 43 
Isotope Products ae 


Jet Propulsion Lab. Div. of Cali- 
fornia Institute of Technology 44 


K 
Kay Lab 26 
Kearfott Co., Inc. 115 
Kollsman Instrument Corp. 39 


L 
Lear Inc. 116, 117 
Librascope, Inc. Second Cover 
Liquidometer Corp., The 118 


M 


Manning, Maxwell & Moore, 

Inc. 31, 108 
Marsh Instrument Co. 5 sky Se 
Master Electric Co., The 4) 
McGraw-Hill Book Co. 50 
Micro Switch a Div. of Minneap- 

olis-Honeywell Regulator Co. 49 
Minneapolis-Honeywell Regulator 

Co., Industrial Division 100, 10! 
Moog Valve Co., Inc. sai: ae 
Moseley Co., F. L. 137 
Motorola Communications & 

Electronics Div. ae 
Muirhead Instrument, Inc. 30 
Mvcalex Electronics Corp. 27 


N 
National Cash Resister Co., The 14 
New Hampshire Ball Bearings, 
Inc. 15 
NJE Corporation 5 
North Electric Co. 


R. M. H. BERG 
W. C. CARMICHAEL 


ATLANTA 3: 


°o 


Offner Electronics, Inc. 54, 
Ohmite Manufacturing Co. 


Partlow Corp., The 32 

Phileo Corporation, Lansdale 
Tube Co., Div. 13 

Polyphase Instrument Co. 140 


be 
RBM Diy. Essex Wire Corp. 
Radiation, Inc. 

Remington Rand Univac Div. 
of Sperry Rand Corporation 
Robertshaw-Fulton Controls Co. 

Fielden Instrument Div. 
Rocketdyne Div. North American 
Aviation, Inc. 


s 
Schrader’s Son, A. 
Schutte & Koerting Co. 
Servo Corp. of America 
Servomechanisms, Inc. 
Sigma Instruments, Inc. 
Sola Electric Co. 
Sorensen & Co. 
Statham Laboratories 
T 
Technitrol Engineering Co. 135 
Technology Instrument Corp. 
Third Covet 
Ww 
WacLine, Inc. 120 
Westinghouse Electric Corp. 91 
* 
PROFESSIONAL SERVICES 
oo 


SEGTION 


CLASSIFIED ADVERTISING 
F Eberle, Business Meg 
EMPLOYMENT OPPORTU NITE S$. . 154-161 
CONTROL TRANSMITTER 
Equipment 
(Used or Surplus New) 
For Sale 


Advertising Sales Manager 
Production Manager 


William D. Lanier, 1321 Rhodes-Haverty Bidg., WAlnut 5778 


BOSTON 16: 
George S. Baird Jr., 
CHICAGO 11: 


350 Park Square Bidg., HUbbard 2-7160 


John G. Zisch, 520 N. Michigan Ave., MOhawk 4-5800 


CLEVELAND 15: 


John C. Mitchell, 1510 Hanna Bldg., SUperior 1-7000 


DALLAS 2: 


Gordon L. anes, "amet Billian, 1020 Adolphus Tower Bidg., PRospect 5064 


LOS ANGELE 
Gene A. Frubling. 1125 W. Sixth St., 
NEW YORK 36: 


PHILADELPHIA 3: 
W. F. Buehl, Architect's Bidg., 
SAN FRANCISCO 4: 


T. H. Carmody, R. C. Alcorn, 68 Post St. 


17 & Sansom Sts., 


MAdison 6-9351 


Robert W. Obenour, 330 West 42nd St., LOngacre 4-3000 


Rittenhouse 6-6070 


, DOuglas 2-4600 





@ Thre shold voltage 


THERE’S A a 


FOR EVERY ‘3 
VSTi Nile) ee ——— 


TIC manufactures in production quantities the most complete line of 

precision trimmer potentiometers in the industry. Common to all TIC 

trimmers is the unexcelled TIC quality construction and advanced 

design. The wide selection of sizes and shapes, in addition to the 

wide range of power and temperature capabilities, permit ‘ > 

selection of units of maximum compatibility with a specific Adjveting scale factors 

application. © Padding samen"? 
od\” 


nied 


The TIC Trimmer Potentiometer Line includes units from % inch to 1 
inch in size... 50 to 100K ohms in resistance 55°C to 4+145°C 
temperature range . . . power ratings up to 4 watts. Advanced mechani- 
cal design provides extremely precise, stable adjustment 


under all forms 
of adverse environmental conditions. 


TIC was the originator of the high stability subminiature trimmer pots 
For example the original metal-film potentiometer, the TIC RFT Metlfilm, 
represents the outstanding advance high stability trimmer potentiometer 
; - design. The RFT contains a resistance element of metallic film that pro- 
, MANUFACTURER OF » vides infinite resolution for ultra-fine trimming. Compactness of the RFT 
ees a } permits stacking 7 to the square inch. Latest addition to the TIC Trimmer 
* | Line is the new low cost RWT which, like the RFT, provides adjustment 
f PIONEER OF 1 by use of a 25-turn lead screw. 
PRECISION WIRE-WOUND | 
POTENTIOMETERS ’ 


* , Complete information on the TIC Trimmer Potentiometer Line i 


. upon request, 
FOREMOST IN THE 


‘ 


ai ailable 


DEVELOPMENT OF " 
NEW DESIGNS vi} 


sf . 
UNEQUALLED FOR PROMPT 
DELIVERY -PRODUCTION, ~ 


"TECHNOLOGY INSTRUMENT CORP. 


523 MAIN ST., ACTON, MASS. COloenial 3-7711 West Coast Mail Address P.O. Box 3941 Worth Hollywood, Calif POpler 5-6620 





PRESSURE 
INDICATING 
CONTROLLERS 


Fischer & Porter now proudly offers 

a complete line of pressure instruments 

for one week shipment from stock. These 
accurate pressure instruments may be 
used to measure vacuum pressure or gauge 


pressure from absolute zero to 1,000 psig. 
INDICATING 


ma : PRESSURE 
rhe pressure elements are available in TRANSMITTERS 


brass, 316 stainless steel, phosphor bronze and 
berryllium copper. Guaranteed accuracy of 

all instruments is 1% of full scale, with 
positive over-range and under-range protection 
built into each instrument. Recorders, 
recording controllers, indicators, indicating 
controllers and pneumatic transmitters are 
available for one week shipment. 


But why wait until an emergency demands 





fast delivery? Why not get to know the entire 

F&P instrument line better, now? A word 

from you will bring completely detailed 

information without obligation. > 
PRESSURE 
RECORDING 

Fischer & Porter is in the instrument business CONTROLLERS 

to assist you. Doing it expertly and well 

has helped F&P grow. Get to know 

F&P better, call on F&P for a single 

instrument or a complete process 

instrumentation system. 


Fp FISCHER & PORTER CO. 


786 COUNTY LINE ROAD, HATBORO, PENNA. 





7 ' ll PRESSURE 
LAI054 tal a a, RECORDERS 





